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PREFACE  TO  FIRST  EDITION. 


Electric  Lighting  having  now  become  one  of  the  most  im> 
portant  branches  of  applied  science,  there  is  a  demand  for  informa- 
tion on  the  subject.  This  demand  is  by  no  means  confined  io 
electrical  engineers,  but  applies  also  to  mechanical,  mining,  and 
other  engineers,  architects,  fire  underwriters,  students  in  colleges 
and  technical  schools,  lawyers  and  business  men  who  may  be 
called  upon  to  consider  questions  relating  to  electric  lighting. 
But  the  development  of  this  art  has  been  so  very  rapid,  and  so 
many  changes  and  improvements  were  continually  being  made, 
that  heretofore  any  attempt  at  a  complete  treatise  on  the  subject 
would  become  out  of  date  while  it  was  being  printed. 

There  are  already  good  elementary  works  on  electric  lighting ; 
and  in  the  case  of  special  branches,  such  as  the  dynamo,  trans- 
former, electrical  distribution,  etc.,  we  have  several  excellent 
books ;  but  none  of  these  cover  electric  lighting  as  a  whole,  or 
what  might  be  called  electric-light  engineering. 

The  author  believes  that  the  time  has  now  arrived,  however, 
when  electric  lighting  has  reached  a  sufficiently  perfected  and 
established  state  to  allow  of  its  being  treated  in  a  fairly  satis- 
factory and  permanent  manner. 

The  plan  adopted  in  this  book  is  to  follow  the  usual  sequence 
in  which  the  electric  current  is  generated,  transmi*ted,  a;id  uti'-zed 
in  electric  lighting.  That  is  to  say,  the  introductory  principles 
are  first  given ;  then  the  building,  boilers,  engines,  dynamos,  dis- 
tributing conductors,  lamps,  etc.,  will  be  considered  in  the  natural 
order  in  which  the  electrical  energy  is  first  obtained,  and  finally 
converted  into  light  in  the  lamps.  The  attention  of  the  reader  is 
particularly  called  to  this  arrangement,  which  is  given  in  full  in 
the  Table  of  Contents.  This  order  not  only  facilitates  the  under- 
standing and  remembering  of  the  various  parts  of  the  subject,  but 
also  enables  one  to  quickly  turn  to  any  particular  part  without 
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using  the  Table  of  Contents  or  Index,  since  one  knows  without  any 
effort  of  memory  the  position  of  each  element  with  reference  to  the 
others. 

The  entire  subject  of  electric  lighting  naturally  divides  itself 
into  two  parts;  one  relating  to  the  generating-plant,  and  the  other 
covering  the  distributing  conductors,  lamps,  special  applications, 
etc.  The  present  volume  is  confined  to  the  first  part,  the  other 
subjects  being  given  in  Volume  II. 

In  marry  courses  of  instruction  the  subject  of  steam-  and  gas- 
engines,  water-wheels,  and  other  purely  mechanical  matters,  are 
not  included  in  the  lectures  on  electric  lighting,  being  taught  by 
other  instructors  as  entirely  distinct  matters.  In  fact,  the  author 
approves  of  this  plan  himself ;  nevertheless,  for  completeness,  it 
was  deemed  proper  to  incorporate  the  mechanical  subjects  with 
the  electrical  ones,  and  to  consider  particularly  their  application 
to  electric  lighting.  These  portions  of  the  book  will  at  least 
serve  as  a  review  or  memorandum  of  what  it  is  essential  to  know, 
even  though  the  knowledge  has  already  been  acquired  elsewhere. 

It  is  quite  a  common  fault  in  technical  books  that  many  of 
the  machines  and  methods  given  as  examples  are  either  untried 

The  author  desires  to  express  indebtedness  to  his  former 
pupils,  Messrs.  C.  H.  Parraley  and  Max  Osterberg,  whose  care- 
fully taken  notes  of  his  lectures  formed  the  basis  of  this  work  ; 
to  Professor  R.  B.  Owens  of  McGiU  University  for  ideas 
on  the  location  of  a  station  (Chapter  V.) ;  to  Professors  M.  I. 
Pupin  and  F.  R.  Hutton,  Mr.  E.  A.  Darling  and  Mr.  G.  F.  Sever 
of  Columbia  University  for  proofreading  and  suggestions  in  re- 
gard to  the  steam-engine,  dynamo,  etc.  (Chapters  VIII.  to  XVII.)  ; 
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PREFACE    TO    SIXTH    EDITION. 


The  first  edition  of  this  book  appeared  in  1896,  and  four 
editions  containing  revisions  have  been  published  since.  The 
present  edition  has  been  practically  rewritten,  bringing  the  vari- 
ous branches  of  the  subject  thoroughly  up  to  date.  The  original 
arrangement  of  topics  and  the  treatment  of  fundamental  facts 
are  retained,  but  the  earlier  types  of  apparatus  have  been  replaced 
by  the  latest  examples.  Much  new  matter  relating  to  recent 
developments  in  station  design,  steam-turbines,  gas-engines, 
direct-connected  generators,  storage  batteries,  etc.,  has  been 
introduced.  Particular  care  has  been  exercised  in  eliminating 
the  dead  wood  consisting  of  antiquated  illustrations  and  state- 
ments, which  are  too  often  left  in  revised  editions  of  technical 
works.  This  book  has  been  used  for  eight  years  as  a  text-book 
in  a  number  of  engineering  schools,  and  as  a  result  of  this 
experience  the  new  edition  is  better  adapted  to  its  purpose.  It 
is  also  intended  as  a  handbook  for  engineers  and  architects. 
including  those  not  specialists  in  electrical  work  but  who  desire 
to  obtain  information  regarding  it.  "  Electric  Lighting "  is 
retained  as  the  title,  but  generating  plants  for  railway,  power, 
electrochemical,  electrometallurgical  and  other  purposes  embody 
the  same  elements  arranged  in  a  similar  manner,  so  that  the 
book  also  applies  to  them.  In  a  general  treatise  of  moderate 
size  it  is  impossible  to  cover  this  subject  exhaustively,  but  the 
principle,  construction,  and  action  of  each  main  or  auxiliary 
piece  of  apparatus,  also  its  relation  to  the  others,  is  explained  to 
an  extent  proportional  to  its  importance. 

In  the  preparation  of  the  present  revised  edition,  the  author 
received  much  valuable  assistance  from  his  friends  and  colleagues 
Morton  Arendt,  E.E.,  Dr.  C.  E.  Lucke,  and  Professor  George 
F.  Sever.  The  author  also  takes  this  opportunity  to  thank  the 
various  manufacturers  and  engineers  who  have  kindly  furnishedl 
information  as  well  as  illustrations. 
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CHAPTER   I. 

INTRODUCTION. 

Electric  Lighting  is  the  art  of  producing  srtihcial  illumina- 
tion by  means  of  eleqtrical  energy.  '   .  .    -^  * 

Generally  speaking,  an  electric  lightiiig- system  comprises  three 
essential  elements,  viz. :  — 

1.  Apparatus  for  generating  tJie- eiccirical  energy,  for  whi<^h^  jjiu"- 
pose  dynamo-electric  machines  driven  by  steam  or  gas  engrne§;oi: 
water-wheels  are  almost  universally  employed.  -  :.;-;-.' 

2.  Means  for  transmitting  and  distributing  the  electrical  ertetgyf 
which  consist  largely  of  copper  conductors.  .,    •  .  -,       / 

3.  Devices  for  converting  the  electrical  <^'?^*^:  P^fo  lighty^  *hich 
are  practically  always  either  arc  or  incandesceni  lamps. 

In  addition  to  these  three  essential  elements,  certain  auxiliary 
de\*ices  are  commonly  employed,  such  as  transformers,  secondary 
batteries,  switching,  regulating,  and  measuring  apparatus,  etc. 

The  words  system,  installation,  and  plant  are  all  used  to  desig- 
nate the  collection  of  apparatus  and  other  elements  employed  for 
electric  lighting  in  any  given  case.  The  first  term  is  used  too 
freely  ;  as,  for  example,  when  some  trifling  device  is  called  "  a 
new  system  of  electric  lighting."  Nevertheless,  these  terms  have 
their  legitimate  use  in  discussing  electric  lighting.  Their  signifi- 
cance in  this  connection  is  substantially  identical  with  their  ordi- 
nary meaning. 

The  dynamo-electric  machines  used  in  electric  lighting  are  the 
various  well-known  forms  of  mechanical  generators  of  electricity. 
They  may  be  defined  as  machines  for  converting  mechanical 
energy  into  electrical  energy ;  or,  in  other  words,  they  gener- 
ate electric  currents  when  driven  by  mechanical  power. 

The  term  dynamo-electric  machine  is  so  long  that  it  is  usu- 
ally and   almost   unavoidably   shortened    into    "dynamo,"  >nU\c.\v 
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has  exactly  the  same  meaning.  The  name  "  electric  generator," 
or  simply  "  generator,"  is  often  applied  to  the  dynamo,  especially 
when  it  is  used  to  pnxluce  current  for  electric  railway  or  other 
motors;  but  this  distinction  is  merely  for  convenience.  An  alter- 
nating current  dynamo  is  commonly  called  an  "alternator." 

Two  essentially  different  kinds  of  electric  currents  are  in  use, 
direct  and  alternating:  and  the  differences  between  them  give 
rise  to  very  important  variations  in  the  construction  and  opera- 
tion of  electric-lighting  plants. 

A  direct  ^ty.ccjilinuous  current  flows  in  one  direction  only; 
whereas  flh._^j<jl-'i^ilig  "current  reverses  its  direction  of  flow,  and 
usually  lh<>Vc^p(?i?tls  occur*  very  rapidly,  that  is,  50  to  266  times 
per*  second,*  the  "freqiiepcJ"V'-or  number  of  complete  periods  being 
bctw"cch.*25  and  183  per.  second  in  all  systems  in  general  use. 
'*^Iu',  steam  or  gas  engin't^ •a}td  water-wheels  employed  in  elcc- 
tFic^Itighting  are  practically  the  same  as  those  used  for  other 
puf^n^c's,  except  that  it  is  especially  important  that  they  should 
be. rtirv.  constant  in  sueetlc.    . 

Sti^iu*  aiTd-  gas.  enjjines- anS  water-wheels  being  practically  the 
only  prime  moV'er^  drtsGufccs  of  mechanical  power  used  in  elec- 
tric lightihg,.  afjfc. quite' fully  treated  in  Chapters  VII.  to  XIV. 
inclusive. 

The  mechanical  connection  between  the  engine  and  dynamo  is  a 
matter  of  much  consequence  ;  in  fact,  it  has  l)ecn  the  cause  of 
considerable  trouble  and  discussion  iti  elect ric-light  engineering, 
and  it  therefore  receives  particular  attention  in  Chapter-s  XV. 
and  XVI. 

The  dynamo  being  by  far  the  most  essential  element  in  electri- 
cal engineering  is  treated  in  considerable  detail.  Chapter  XVII. 
is  devoted  to  the  principles  and  construction  of  dynamos.  Chaj>. 
tcr  XVIII.  to  typical  forms,  and  Chapter  XIX.  to  the  practical 
management  of  these  machines.  The  last  subject  is  certainly  of 
fundamental  importance  in  electric  lighting;  and  no  fact  concern- 
ing it,  however  smalt,  is  unworthy  of  consideration.  Indeed,  to 
nearly  all  electric-light  engineers  a  knowledge  of  the  construction 
of  the  dynamo  is  chiefly  useful  because  it  enables  them  to  man- 
age these  machines  more  intelligently,  and  not  because  they  are 
called  upon  to  design  or  build  them. 

Accumulators  are  often  used  in  connection  with  the  generating- 
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plant.  An  accumulator,  also  called  a  secondary  or  storage  bat- 
ter^', consists  of  a  number  of  voltaic  cells  containing  plates  or 
electrodes  and  a  conducting  liquid  or  electrolyte.  Such  a  battery 
is  inert  in  itself ;  but,  on  passing  a  current  through  it,  certain 
chemical  changes  are  produced,  which  render  it  capable  of  after- 
wards reproducing  a  large  fraction  of  the  electrical  energy  put 
into  it. 

In  Europe  accumulators  have  been  more  extensively  and  suc- 
cessfully employed  than  in  the  United  States,  but  they  are  now 
being  quite  rapidly  introduced  into  central  stations  and  isolated 
plants  in  this  country. 

The  principles,  construction,  and  action  of  accumulators  are 
discussed  in  Chapter  XX. ;  and  their  use  in  electric  lighting  is 
considered  in  Chapter  XXI. 

Szvitchboards,  including  measuring  instruments,  switches,  cir- 
cuit-breakers, fuses,  automatic  cut-outs,  rheostats,  ground  detec- 
tors, and  other  similar  apparatus,  are  described  in  Chapters  XXII. 
and  XXIII. 

Lightning  arresters,  which  involve  almost  the  only  very  uncer- 
tain questions  in  electric  lighting,  are  carefully  considered  in 
Chapter  XXIV. 

This  completes  the  list  of  elements  which  form  part  of  the 
fjenerating-plant  ;  and  the  remainder  of  the  subject,  comprising 
the  distribution  and  utilization  of  the  electrical  energy,  is  treated 
in  Volume  II.  The  subjects  therein  discussed  include  the  prin- 
ciples, methods,  and  apparatus  employed  in  direct-  as  well  as  in 
alternating-current  distribution,  underground  and  overhead  con- 
ductors, recording-meters,  house- wiring,  arc  and  incandescent 
lamps.  It  will  be  noted  in  both  volumes  that  the  order  in  which 
the  various  subjects  are  treated  follows  the  usual  sequence  of 
generating,  transmitting,  and  utilizing  the  electrical  energy  for 
lighting  or  other  purposes.  This  being  the  natural  order  is  easier 
to  follow  than  any  arbitrary  arrangement. 

ADVAKTAOSS  A2n>  DXSADVANTAOS8  Off  THE   lIIiBCTBIO   IiIOHT. 

Before  entering  upon  the  detailed  study  of  electric  lighting, 
certain  general  questions  present  themselves  for  consideration. 
In  the  first  place,  the  relation  of  the  electric  light  to  olher  Iottos 
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of  artiActal  light  is  a  matter  upon  which  its  ultimate  success  or 
failure  necessarily  depends.  In  other  words,  if  the  electric  light 
docs  not  jwsscss  decided  advantages  over  the  gas  light  and  other 
means  of  lighting  already  in  existence,  it  is  obvious  that  its  intro- 
duction is  of  no  utility,  and  the  study  of  it  is  unnecessary.  In 
short,  the  very  existence  of  the  electric  light  in  practical  use 
depends  upon  its  exact  value  compared  with  that  of  its  rivals  ; 
and  therefore  it  will  be  well  to  carefully  consider  its  various 
advantages  and  disadvantages, 

The  marked  advantages  of  electric  light  over  gas  light  may 
be  enumerated  as  follows:  — 

1.  It  docs  not  vitiate  the  atmosphere;*  that  is,  it  neither 
consumes  the  oxygen  upon  which  the  life  and  health  of  human 
beings  depend,  nor  produces  carbonic  acid  or  other  gases  which 
arc  deleterious. 

2.  It  is  much  cooler;  i.e.,  it  produces  less  than  one-tenth 
as  much  heat  for  the  same  amount  of  light. 

3.  It  can  be  lighted  without  the  aid  of  matches,  which  is  not 
only  a  great  convenience,  but  also  largely  reduces  the  danger 
of  fire. 

4.  The  incandescent  light  is  much  steadier  than  gas  light, 
and  docs  not  flicker  even  in  a  strong  current  of  air. 

6.  The  incandescent  lamp  itself  is  practically  free  from  the 
possibility  of  setting  fire  to  anything,  because  the  source  of  light 
is  hermetically  scaled  in  a  glass  globe ;  and  even  if  the  globe  is 
broken  in  a  barrel  of  gampowder  or  kerosene,  it  will  not  ignite 
them.f 

6.  The  lamps  arc  capable  of  much  more  convenient  and 
aesthetic  arrangement ;  that  is  to  say,  lamps  can  be  put  close 
against  a  wall  or  ceiling,  or  they  can  be  placed  pointing  upward  ^. 
or  downward,  or  inclined  at  any  angle,  all  of  which  arrange-  ^H 
ments  arc  impossible  in  the  case  of  gas  or  other  kinds  of  lamps. 

7.  The  lamps  can  be  lighted  and  controlled  from  any  desired 
point,  such  as  the  entrance  to  a  building  or  room. 

"  tVas  n  drielty  true  ooljr  of  Ibe  iDcandefcent  lamp,  bat  it  pradi'ctllf  Kpplies  lo 
tbc  SIC  Ump  iko. 

T  A  nuKtore  of  psplotuvp  gasrs,  however,  miglit  be  cxploclcd  in  ihtsway.  But  Ihi* 
dsnger  is  largdf  Kvoided  \ij  endoting  the  lamp  in  a  ihicV  glut  globe.  If  a  Itmp  U  ia 
ctnun  with  or  enclo»«d  in  cloth,  wood  or  other  combuitible  miierul,  tb«  b«at  laay 
•ocnmolau  tofidcDtlT'  lo  ch«r  or  s«l  6te  to  (be  luter. 
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8.  Incandescent  lamps  can  be  obtained  of  any  power,  from 
a  small  fraction  of  one  candle-power  up  to  several  hundred,  and 
one  can  be  substituted  for  the  other  in  a  few  seconds,  which  is 
not  practicable  with  any  other  means  of  illumination. 

It  should  be  remarked  that  the  above  advantages  apply  more 
particularly  to  the  incandescent  electric  light  than  to  the  arc 
light ;  but  the  former  is  the  one  used  almost  entirely  for  interior 
illumination,  the  latter  being  used  more  for  street  lighting  and 
other  rougher  uses,  where  fine  points  of  advantage  are  not  of  so 
much  consequence. 

The  only  disadvantages  of  the  electric  light  to  offset  the 
numerous  and  important  advantages  stated  above  are: — • 

1.  The  electric  light  cannot  be  turned  down  like  a  gas  or  oil 
lamp. 

This  objection  is  often  urged ;  but  it  amounts  to  very  little, 
because  it  is  rarely  desirable  to  turn  down  a  light,  and  ninety- 
nine  times  out  of  a  hundred  when  it  is  done  it  is  to  save  the 
trouble  of  relighting.  To  avoid  danger  of  fire,  and  for  other 
reasons,  it  is  ordinarily  a  positive  advantage  to  turn  out  a  light 
entirely  when  not  required  ;  and  this  can  be  done  in  the  case 
of  the  electric  light  without  involving  any  trouble  in  relighting  it. 

Furthermore,  the  incandescent  light  can  be  dimmed,  if  desired, 
in  several  ways.  A  resistance  can  be  used  for  a  direct  current, 
and  a  choke  coil  for  an  alternating  current ;  and  either  of  these 
can  be  applied  without  much  trouble  or  expense,  and  the  only 
reason  they  are  not  often  used  is  that  they  are  not  needed. 
For  a  sick-room,  or  other  place  where  a  dim  light  is  required, 
a  low  candle-power,  lamp  can  be  employed,  or  the  light  can  be 
shut  off  by  a  shade  or  screen. 

2.  It  is  often  stated  that  the  electric  light  has  an  injurious 
effect  upon  the  eye.  The  intense  glare  and  usual  unsteadiness 
of  an  arc  light  are  often  unpleasant,  and  would  probably  be 
harmful  to  the  eye  if  exposed  to  it  for  any  length  of  time. 
But  the  arc  lamp  is  generally  used  for  lighting  streets,  halls, 
railway  stations,  and  other  places  where  sight  is  general,  and 
not  applied  to  small  objects.  For  lighting  small  spaces,  or  for 
any  case  where  reading,  writing,  or  other  fine  work  has  to  be 
done,  the  arc  light  should  be  shaded,  or  arranged  so  as  not  to 
throw  its  glare  directly  into  the  eye. 
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The  incandescent  light  seems  to  be  steadier  than  any  other 
kind  of  light ;  but  the  author  has  heard  of,  or  actually  observed, 
cases  where  sensitive  eyes  were  disagreeably  affected  by  it.     The 
slight  fluctuations  in  speed  and  current   due  to   the  strokes  of 
the  engine  often  produce  a    perceptible  flickering  in  the  lights, 
which  can  best  be  detected  by  observinj^  a  piece  of  white  paper 
held  near  the  lamp.    This  may  be  overcome  or  reduced  by  higher 
speed  or  heavier    fly-wheels,  and  certainly  should    be   brought 
down  until  it  is  Imperceptible.     Two  or  more  engines  or  dyna^fl 
mos  working  on  the  same  circuit  might  shift  the  load  from  one 
to  the  other,  or  otherwise  act  inharmoniously.     This  would  be 
more  likely  to  occur  with  alternating  currents  which  might  surge 
back  and  forth,  due  to  lack  of  perfect  synchronism  or  equality 
of  action  in  the  generators.      The  sudden  throwing  on  or  off  of 
motors  or   a    considerable   number   of  lamps,    the   intermittent 
slipping  of  a   belt   or   inductive  action    between    two  or    more 
alternating  currents  differing  slightly  in  phase,  are  also  causes  of 
variation  in  lamps  which  should  be  guarded  against.  ^_ 

3.  The  incandescent  light  is  sometimes  more  expensive  thail^ 
gas  light;  but  in  isolated  plants  in  hotels,  factories,  etc.,  where 
boilers,  engines,    and  engineers  arc   required    in   any  case,   thcH 
extra  expense  due  to  the  electric  light  is  small,  and  it  costs  le^H 
than  the  equivalent  gas.     When  the  exhaust  steam  is  used  for 
heating,  the  introduction  of  electrical  generating  machinery  adds 
little  to  the  coal  consumption.    With  the  arc.  Nernst  and  Hewitt 
lamps,  which  require  less  watts  pLT  candle-power  than  the  ordi- 
nary incandescent  type,  the  cost  of  electric  lighting  is  still  lower. 

As  a  matter  of  fact,  however,  the  real  importance  and  iitilil 
of  the  electric  light  is  dependent  upon  its  radical  advantages  ovi 
any  other  form  of  artificial  light ;  and  whether  it  costs   a  lit 
more,  a  little  less  than,  or  exactly  the  same  as,  gas  light,  is  not  so 
very  important.     For  example,  gas  light  costs  more  than  lighting 
by  kerosene  lamps ;    but   the   greater   convenience   and    general 
superiority  of  gus  are  sufficient  to  practically  eliminate  the  use 
kerosene  wherever  gas  is  available.     The  advantages  of  the  el< 
trie  light  over  gas  are  similar  in  character  to,  and  fully  as  gr< 
in  degree  as,  the  advantages  of  gas  over  oil ;  and  this  applies  to 
the  Wclsbach   burner  and  acetylene  gas  as  well  as  to  ordinary 
illuminating'gas.      The    advantages    of    the    incandescent 
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Stated  above*  particularly  the  facts  that  it  does  not  vitiate   the 
atmosphere  or  produce  as  much  heat,  and  can  he  lighted  without 
matches,  make  it  a  superior  kind   of   light   in   practically  every 
respect ;  and  it  is  probably  a  fact  in  nearly  every  case  where  elec- 
tric light  is  introduced  instead  of  gas,  that  this  is  the  reason,  and 
not  because  it  is  expected  to  be  cheaper  than  gas.     This,  how- 
ever, is  only  true  when  the  cost  of  electric  light  is  approximately 
equal  to  that  of  gas.     If  the  cost  were  very  much  greater,  it 
would  prevent  its  use  in  many  cases.     If,  on  the  other  hand,  elec- 
tric light  is  actually  cheaper  than  gas,  in  addition  to  its  other 
decided  advantages,  then  there  would  appear  to  be  no  reason  why 
it    should  not  be  used  almost   universally  wherever   it   can   be 
obtained. 

The  standard  incandescent  lamp  (carbon  filament),  g^iving  16 
cajidle-power,  consumes  about  50  watts,  and  the  ordinary  charge 
for  current  to  supply  it  is   about  three-quarters  of  a   cent  per 
ho\ir.     This  applies  to  small  quantities  obtained  from  electric- 
light  companies.     For  larger  quantities  a  discount  is  generally 
*r»a.de,  and  when  a  customer  uses  several  hundred  thousand  kilo- 
ivatthours  per  year  the  price  may  be  one-half  cent  or  less  per 
lamp-hour.      In  most  cases  electric  power  for  running  motors  is 
sold  at  a  lower  rat^han  for  lighting  because  the  former  service 
usually  extends  oVct  longer  periods  of  time.     The  machinery  in 
3-  factory,  for  example,  runs  aljout  ten  hours  a  day,  whereas  the 
lamps  may  be  in  use  only  an  hour  or  two  in  winter  and  not  at 
*U  in  summer.     On  account  of  this  difference  a  common  charge 
for  electric  power  is  about  five  cents  per  K.W.-hour  even  for 
Moderate  quantities  and  corresponds  to  one-quarter  of  a  cent  for 
*   50-watt    lamp.     Larg^  water-power   plants    under   favorable 
Circumstances  are  able  to  sell  electrical  energy  at  very  low  ratoe. 
At  Niagara  Falls  the  charge  is  about  .016  cent  per  lamp-hour  (50 
**tts),  and  about  $20  per  horse-power-year  for  twenty-four  hours 
*^iy,  which  is  less  than  one-third  of  a  cent  per  K.W.-hour. 

In  isolated  plants  (steam),  for  the  reasons  stated  on  p^e  6, 
"ic  cost  of  electria  light  or  power  is  often  less  than  the  charges 
01  electric-light  companies.  Fairly  large  iitetallations  properly 
**^^gned  and  operated  produce  electrical  energy  at  about4:  cents 
per  K.W.-hour 
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HISTOR7   OF   ELECTRIC  LiaHTINO. 

Lightning  is  the  first  and  grandest  form  of   electric  light. 
Ordinarily,  however,  we  confine  the  term  to  mean  artificial  elec- 
tric   light.     Considered   from    this   point   of  view,   probably  the^| 
first  electric  illuminating  effects  obtained  by  man  were  electric 
sparks  produced   intentionally  or  accidentally  by  frictional   elec- 
tricity.    The  effects  obtained,  howevcr,^  in  these  very  early  experi- 
ments were  so  feeble  that  they  arc  hardly  worth  considering  ;  and 
it  was  not  until  the  first  electrical  machine  was  made  by  Otto  von 
Guericke,  about  the  middle  of  the  seventeenth  century,  that  the 
sparks  produced  were  sufficiently  powerful  and  frequent  to   be^| 
looked  upon  as  even  the  germ  of  the  electric  light.     In  fact,  the 
duration  of  an  electric  spark  being  only  an  almost  infinitesimal 
fraction  of  a  second,  it  can  hardly  be  considered  to  be  a  light  of 
any  practical  use.     Later,  however,  the  frictional  electric  machine  B 
was  improved  by  Ne\\'ton  and  others,  and  numerous  experimenters  ^^ 
took  up  the  study  and  development  of  elecmcity.     One  line  of 
vork  which  probably  produced  an  electric  fight  worthy  of  the 
name  earlier  than  any  other  method,  and  one  which  has  recently. 
assumed    particular    importance,   is    the    production    of   light    by] 
means  of  electrical  tUsdiargcs  in  air  or  other  gases,  whether  rarc-l 
ficd  or  not.     Intermittent  electric  sparks  are  entirely  too  sudden 
and  temporary,  unless  the  number  of  sparks  is  made  sufficiently! 
great  to  be  practically  equivalent  to  a  continuous  discharge. 

During  the  latter  part   of   the  seventeenth   and   early  in  th( 
eighteenth   ccritur)'  numerous  e.-speriments  were   made  with  dis-] 
charges  in  air  or  rarefied  gas. 

The  record  of  these  may  be  found  in  a  book  entitled  Physieo^ 
Mechankal  Expcritncnts  on  Various  Subjects,  cimtainht^  an  AccouHf 
of  SCiVrai  Sut-prisitij^  Phenomena  toiiehhig  Light  and  Ehctticity^ 
By  r.  Hauksbee.  K.K.S.     Published  in  London  in  1709.  ^ 

The  above  experiments  deserve  to  be  considered  as  being  the 
first  production  of  the  electric  light  in  anything  like  a  practi< 
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\  dectric  current  was  discovered.  The  iirSt- Bource  of  this  kuig.-  ^. 
as  the  primary  battery,  or  chemical  .generator  of  electricity^*!:*-'^ 
ivented  by  Volta  in  IWOO.     The  voltaicT'battcry  was  soon  takeji''*..*.  • 


way,  although   heretofore  they  have  been  ignored  so  far  as  the 
lustory  of    electric   lighting   is   concerned ;    but    the  interesting 
experiments  of  Tesia  and  others   in  connection    with    electrical 
dtschar]gcs  might  lead  us  to  look  upon  these  very  early  attempts 
as  being  as  important  as  much  later  experiments  which  are  ordi- 
narily g^vcn  as  the  origin  of  the  electric  light.     Leaving  aside^ 
faowcvcr,  the  question  of  what  the  electric  light  of  the  future  may 
be,  it  is  certainly  a  fact  that  the  electric  ]ight  of  the  present  day 
depends  essentially  upon  the  use  of  an  electric  current  of  several 
amperes,  or  a  large  fraction  of  one  ampere.    •rrictiet\aJ-;c}ectric 
^■machines  cannot  give  any  such  current;  thorefore  eltctric'-lfjthting^^ 
^■fif  the  kind  now  practiced  was  an  impossibiIii;y  unt'il  some*  source    ' 
^Bof  dectric  current  was  discovered.     The  iifSt-  source  of  this  kuVd." 

^^nve 

up  and  developed  by  scientific  men,  and  batteries  of  sufficicrtfr'_ 
^fcower  to  produce  quite  strong  currents  were, .made  by  Volta  b"lV"*"-- 
^^clf  and  by  others.     Sir  Humphry'  Davy.tmfpedlately  r^cpgni>edr*' 
the  great  possibilities  of  the  batter)*  for  sci_e-ii"ti&C;ai|d-i)ractic;t)' 
use,  and  constructed  a  very  large  one  of  2^000  "pajre- 61'- filatcS  in 
808.     This  battery  was  used  by  him  in  various  investigations ; 
in   the  years  of  1809  and  1810  he  performed  with  it  the 
h-making  experiment  of  producing  a  continuous  and  brilliant 
■lectric  light,  which  was  practically  identical  in  principle  with  the 
light  of  to-day.     This  experiment  is  best  describeti  in  his  own 
ords  as  follows  :  "  When  pieces  of  charcoal  about  an  inch  long 
and  one-sixth  of  an   inch  in  diameter  were  brought  near  each 
other,  within  a  thirtieth  or  fortieth  part  of  an  inch,  a  bright  spark 
n»  prtKluced,  and  more  than  half  the  volume  of  charcoal  became 
itctl  to  whiteness;  and  by  withdrawing  the  points  from  each 
her  a  constant  discharge  took  place  through  the  heated  air,  in 
space  equal  to  at  least  four  inches,  producing  a  most  brilliant 
cending  arch  of  light." 

It  should  be  noted  that  in  the  above  experiment  Davy  made 

se  of  carbon  electrodes,  which  are  the  essential  elements  of  the 

resent  arc  lamp ;  and  carbon  is  also  used  for  the  filament  of  all 

actical  forms  of  incandescent  lamp.     He  also  noticed  the  archefl 

nn  of  the  electric  current  between  the  carbon  points,  from  which 

s  its  name.     This  great  experiment  is  unques* 


otn 
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tionably  the  foundation  of  the  present  methods  of  eiectric  light- 
ing ;   but  the  use  of  a  voltaic  battery  as  the  source  of   current 
prevented    any  esctensive   introduction   of   the  electric   light,   on 
account  of  the  prohibitive  expense  und  trouble  of  running  a  battery 
large  enough  to  give  sufficient  current.     A  much  more  powerful 
and  cheaper  source  of  electrical  energy  was  needed  tu  make  the 
electric  light  a  practical  success  ;  therefore  little  or  no  progress 
was  made  until  the  discovery  by  Faraday,  m  1831, •  of  magneto- 
electric  ji^du^tion,  which  was  almost  immediately  followed  by  the 
rafiid/ii<^^I^'p'lip'>^*o/  the  magneto-electric  machine,  or  mechanical 
.generrftcif 'fll^'efectricityt  from  which  has  been  evolved  tlie  mtxlem 
[  dynacitj-eicctric  nwcJSiHe;.  The  most  notable  of  the  first  machines 
''\iere  those  of  Dal''JstegKJ,t  Pixii,  |  Saxton  (1833),  §  and  Clarke 
••fl^35).||     These  niacWrwB 'were  all  similar  in  principle,  and  con- 
■•Sisted  essentially  of  boilS'or  bobbins  of  copper  wire  and  a   per- 
•-^knent  magnet,  one/ of  which  was  revolved  and  the  other  held 
..*e]^tij>nar)'.     This  ro.tatiorv' produced  primarily  an  alternating  cur- 
"retrf  iiT  :tbe  CQiU^ivlilch'.was  led  out  by  suitable  connections.     At 
the  5UggC5tioi\*<ri''Ajnpere,**  a  commutator  was  added,  in  order 
to  <Ibtaii\--a-dtfe«*  current ;  that  is,  one  flowing  in  one  direction 
only.     These  magneto  machines  were  perfected  and  built    on  a 
larger  scale  by  other  experimenters. 

The  most  noteworthy  types  of  these  larger  machines  were 
the  "Alliance  machine"  and  the  "Wilde  machine."  These 
forms  were  made  of  considerable  power ;  that  is  to  say,  they 
were  capable  of  generating  currents  of  several  horse-power,  and 
adapted  to  being  used  for  practical  work.  The  Alliance  machine 
originated  with  Nollet  in  1849,  and  was  improved  by  Holmes, 
Masson,  Du  Monccl,  and  others  ;  and  in  1857  it  had  been  brought 
up  to  a  fairly  perfected  condition.  In  1863  this  machine  was 
applied  to  lighting  the  lighthouses  of  the  French  coast  by  elec- 
tricity. This  was  probably  the  first  important  practical  use  of 
the  electric  light,  and  is  therefore  of  great  interest.  About  the 
same  lime  the  Wilde  machines  were  also  being  used  to  generate 
current  for  arc  lights ;  but  these  for  the  most  part  were  for  experi- 
mental or  exhibition   purposes.      These  machines,   it  should  be 

•  Experimtniat  Rtstar,Jtts^  vol.  i.  p.  25.  t  Phil,  Afa^.,  July,  1832. 

t  Amh,  Otim.  Pkys.,  vol.  I.  y.  322.  18S2.  %  Phil.  Mug.,  IbM.      t  Md. 

*  Ann.  CAim.  Phyt.,  U.,  70,  1S32. 
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remembered,  were  up  to  that  time  of  the  magneto  type;    that 
is  to  say,  the  field  magnetism  was  produced  by  permanent  mag- 
nets.   The  use  of  electro-magnets,  and  the  principle  of  self-exci- 
tation  as  applied  to  the  modem  dynamo-electric  machine,  was 
developed  by  various  workers.     In  1845  Wheatstone  and  Cooke 
patented  the  use  of  electro-magnets  instead  of  permanent  mag- 
nets, which  were,  however,  to  be  excited  by  a  current  obtained 
from  some  source  outside  of  the  machine  itself,  being  what  is 
now  called  separately  excited.      Brett,  in  1848,  suggjestpd  that 
the  permanent   magnetism  in  a  magneto  machine  migtit^  be  in» 
creased  by  the  current  of  the  machine  itself.,      Sinsted^n  inde- 
pendently made  a  similar  suggestion  in  1851«     Wilde,  in  1863, 
used  a  small  magneto  machine  to  supply  f.ijrcents  to  an  electro- 
magnet which  formed  the  field  magnet  of  a  very  much  larger 
generator.     In  this  way  he  obtained  v^rj  powerful   effects,  and 
made  a  machine  capable,  for  example,  of  fusing  a  copper  rod  of. 
considerable  diameter.     The  definite  and  complete  invention  oi . 
the  principle  of  using  the  current  of  the  machine  itself  to^feed  its 
own  field  magnet  was  independently  and  alniosc  ,s;ir,uhaneously 
announced  by  Werner  Siemens  to  the  Berlin  Academy,  on  Jan.  17, 
1867,  and  by  Sir  Charles  Wheatstone  to  the   Royal  Society  of 
London  on  Feb.  14,  1867.     This  gave  to  the  world  the  modern 
dynamo-electric  machine,  upon  which,  more  than  anything  else,  the 
great  success  of  electric  lighting  and  almost  all  the  other  applica- 
tions of  electricity  depends.      The  next  important  step  in  the 
development  of  the  dynamo  was  the  improvement  of  the  arma- 
ture,   which  up  to  that   time   had   been  quite  crude.     In   1860 
Pacinotti  designed,  and  in  1865   published*  a  description  of,  a 
machine    having   a    ring    armature    with    a    continuous    winding. 
This  is  the  essential  element  of  the  very  high  efficiency  direct- 
current   generators    of    the    present    day.      This   invention    was 
practically  ignored   until    it   was    independently   rediscovered   by 
Gramme  in  1870. 

The  invention  of  Pacinotti  had  been  merely  a  laboratory  experi- 
ment, whereas  Gramme  took  up  the  subject  as  an  engineer,  and 
designed  and  constructed  many  successful  machines  of  this  type. 
In  1873  von  Hefner-Alteneck  applied  Gramme's  principle  of  a 
continuous  or  closed-coil  winding  to  the  shuttle  armature  invented 

•  Nuovo  Cimenio,  xix.,  378,  1866. 
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by  Werner  Siemens  in  1856.     The  Siemens  shuttle  armatur< 
sometimes  called  the  I  armature  on  account  of  the  form  of  cros 
section  of   its  iron   core,  was   at    the   time   of   its    invention 
decided  improvement  over  the  bobbin  forms  of  armature  then  ii 
use  in  regard  to  mechanical  construction  and  compactness  ;  bul 
in  its   magnetic   and    electrical  action    it   is   radically,  imperfect, 
principally  because  it  has  only  a  single  coil,   which  produces  a 
very  intermittent  effect.     The  Altcneck  armature,  an  the  other 
hand,  ]%  jvijund   with   a   number  of  coils  or  sections   of  wire  in 
dif(ctt^\.*jll4qts,"  and   is   therefore   continuous  and  steady  in  its 
, '  acli(jiV'^fij^ /he  Gramme  armature.     The  only  difference  in  prin- 
cipl(f  \jetween  *th<;^H't\*p  important  types  of  armature  is  the  fact 


^,    .  .  .  .        .  )nly    employed    _ 

,••**.;  designate  the  two  .types. of  armatures  than  the  names  of  their 
•/.•*';.'i  liven  tors.  Up  jt^-xhat/iime  the  history  of  electric  lighting  had 
''•.>een*»h£.liisi«r>;''^'t*^  electric  generator,  because  a  good  source 
'  I  of  currtpC  h'u^'tiVst  to  be  obtained  before  any  real  progress  could 
be  "majcf/^in'.JippIying  electricity  to  the  purpose  of  lighting.  But 
the  dynamo  machine  having  been  brought  up  to  a  reasonably 
practical  form,  it  was  available  to  form  a  solid  basis  for  the  aston- 
ishingly rapid  development  of  practical  electric  lighting  which 
then  began.  At  the  same  time  that  the  dynamo  was  being 
improved  the  problem  of  producing  a  satisfactory  electric  lamp 
was  also  being  grappled  with  ;  but  nu  very  successful  results  had 
been  obtained.  Serrin  in  1857,  and  others,  had  constructed  arc 
lamps,  or  what  were  then  called  "regulators,"  which  consisted 
of  the  electric  arc  between  carbon  points  such  as  was  produced 
long  before  by  Davy,  with  the  addition  of  a  clock-work  or  other 
mechanism  for  feeding  the  carbons  together  as  they  burned 
away. 

The  incandescent  lamp  progressed  at  first  even  more  slowly 
and  imperfectly  than  the  arc  lamp.  Crude  forms  of  lamps  were 
devised  and  made  by  Starr  and  King  in  1845,  Staite  in  1848, 
and  others;  but  none  of  these  attempts  can  be  looked  upon  as 
anything  mure  than  interesting  experiments  which  laid  the  foun- 
dation for  further  progress.  In  187t>  there  existed  fairly  satis- 
factory forms  of  dynamo  machines  and  of  arc  lamps,  and  there 
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were  crude  forms  of  incandescent  lamps  ;  but  up  to  that  time  the 
work  that  had  been  done  consisted  of  separate  and  incomplete 
experiments.  What  was  lacking  was  a  complete  set  or  system  of 
apparatus  which  could  be  used  to  produce  electric  lighting  in  a 
practical  way,  or  rather  commercial  way.  This  putting  together 
of  the  necessary  elements,  even  though  they  may  already  exist 
se[arately,  is  often  a  more  important  and  difficult  step  in  the 
creation  of  a  new  art  than  the  invention  of  the  individual  parts, 
however  essential  each  may  be.  In  1878  and  1879,  the  times 
being  in  that  preculiar  state  when  they  are  ripe  for  very  rapid 
advance,  which  condition  usually  precedes  all  great  inventions  or 
industrial  enterprises,  there  occurred  almost  simultaneously  the 
bringing  forth  of  several  more  or  less  complete  systems  of  elec- 
tric lighting.  At  that  time  the  most  serious  difficulty  was  the 
so^alled  "  subdivision  "  of  the  electric  light ;  that  is,  the  running 
of  several  lamps  from  the  same  source  of  current,  or  on  the  same 
circuit,  without  interfering  with  each  other.  This  bugbear  was 
greatly  exaggerated,  and  was  much  discussed  by  scientific  and 
technical  men  at  that  time,  some  of  whom  maintained  that  the 
subdivision  was  not  only  practically  but  theoretically  impossible. 
The  overcoming  of  this  difficulty  was  therefore  the  primary  object 
of  the  electric-lighting  systems  first  introduced.  Three  radically 
different  methods  were  almost  simultaneously  brought  out,  and 
put  into  quite  extensive  practical  use.  These  three  systems 
*ere  invented  and  developed  by  Jablochkoff  of  Paris ;  Brush 
of  Cleveland,  O.;  and  Edison  of  Menlo  Park,  N.J.  In  the  Jab- 
lochkoff system  the  subdivision  of  the  electric  light  was  ac- 
wtnplished  by  using  a  form  of  lamp  called  an  electric  candle, 
which  was  first  invented  by  him  in  1876.  It  consists  of  two  thin 
Pencils  of  carbon  held  at  a  fixed  distance  apart  by  insulating 
material  in  the  form  of  a  strip  of  kaolin.  All  that  was  necessary 
'■^  operate  a  number  of  these  lights  on  the  same  circuit  success- 
'"^lly  was  to  connect  them  by  wires  in  a  simple  series,  so  that  the 
current  flowed  through  them  one  after  another.  The  arc  formed 
"^  each  lamp  was  necessarily  of  constant  length,  and  there  was  no 
tendency  for  one  lamp  to  act  differently  from  the  others,  or  inter- 
fere with  them  in  any  way.  An  alternating  current  dynamo  was 
^ployed  to  supply  the  current,  in  order  that  the  two  pencils 
'bould  bum  at  the  same  rate.     Thejablochkoff  system  \wls  X\« 
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crude  forms  of  incandescent  lamps  ;  but  up  to  that  time  the 
rk.  tha.t.  had  been  done  consisled  of  separate  and  incomplete 
experiments.  What  was  lacking  was  a  complete  set  or  system  of 
apparatus  which  could  be  used  to  produce  electric  ligliting  in  a- 
.ical  iway,  or  rather  commercial  way.  This  putting  together 
the  necessary  elements,  even  though  they  may  already  exist 
-atc1y»  is  often  a  more  important  and  difhcult  step  in  thefl 
rcatifjn  of  a  new  art  thaJi  the  invention  of  the  individual  parts, 
iowcvcr  essential  each  may  be.  In  1878  and  1879,  the  times 
-:inK  in  that  peculiar  stale  when  they  are  ripe  for  very  rapid 
advance,  which  condition  usually  precedes  all  great  inventions  orH 
'industrial  enterprises,  there  occurred  almost  simultaneously  the^ 
hring,ing  forth  of  several  more  or  less  complete  systems  of  elec- 
tric lighting.  At  that  time  the  most  serious  difficulty  was  the 
so-called  "subdivision  "  of  the  electric  light ;  that  is,  the  running 
«t  several  lamps  from  the  same  source  of  current,  or  on  the  same 
circuit,  without  interfering  with  each  other.  This  bugbear  was 
tly  exaggerated,  and  was  much  discussed  by  scientific  and 
bnical  men  at  that  time,  some  of  whom  maintained  that  the 
i\)di\'ision  was  not  only  practically  but  theoretically  impossible. 
overcoming  of  this  difficulty  was  therefore  the  primary  object 
the  electric-lighting  systems  first  introduced.  Three  radically 
'erent  methods  were  almost  simultaneously  brought  out,  and  ^ 
into  quite  extensive  practical  use.  These  three  systems  ^ 
invented  and  developed  by  Jablochkoff  of  Paris;  Brush 
Cleveland,  O. ;  and  Edison  of  Menlo  Park,  N.J.  In  the  Jab- 
'uchltoff  system  the  subdivision  nf  the  electric  light  was  ac- 
^'iniplishcd  by  using  a  form  of  lamp  called  an  electric  candle,^| 
^•Hicli  Mi-as  first  invented  by  him  in  1876.  It  consists  of  two  thin 
S^^ncUs  of  carbon  held  at  a  fixed  distance  apart  by  insulating 
"■■Material  in  the  form  of  a  strip  of  kaolin.  All  that  was  necessary 
*o  operate  a  number  of  these  lights  on  the  same  circuit  success-fl 
*  tilly  was  to  connect  them  by  wires  in  a  simple  series,  so  that  the 
^^^'fenl  flowed  through  them  one  after  another.  The  arc  formed 
^**  each  lamp  was  necessarily  of  constant  length,  and  there  was  no 
^^"^lency  for  one  lamp  to  act  differently  from  the  others,  or  inter- 
<:  with  them  in  any  way.     An  alternating  current  dynamo  was^ 
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has  exactly  the  some  meaning.     The  name  "  electric  generator,'* 
or  simply  "generator/*  is  often  applied  to  the  dynamo,  espectallj 
when  it  is  used  to  produce  current  for  electric  railway  or  other] 
motors;  but  this  distinction  is  merely  for  convenience.     An  alter- 
nating current  dynamo  is  commonly  called  an  "alternator." 

Two  essentially  different  kinds  of  electric  currents  are  in  us< 
direct  and  altf mating ;   and  the  differences  between  them  give' 
rise  to  very  important  variations  in  the  construction  and  opera- 
tion of  electric-lighting  plants.  I 

A  direct  ^(v.cojijinuous  current  flows  in  one  direction  only; 
whereas  flh'.^.?ie*TV*J.^^» '^'^f'"*^"^  reverses  its  direction  of  flow,  anUj 
usually  th^Vc^p^sjIs  occur' very  rapidly,  that  is,  50  to  260  timej 
per  second,' the  "freqirepiry*.".©!'  number  of  complete  periods  beinj^ 
betw'<ieh.'25  and  133  per.  eiseond  in  all  systems  in  general  use 
"^/ce'. steam  or  gas  ettgCifl^lf^d  ivaterwheels  employed  in  elec- 
tfic; lighting  are  practically  th«  same  as   those  used  for  other 
pufpiis^  except  that  it  is  especially  important  that  they  shoul< 
be. TJijrj;. Constant  in  speeclv..  ,' 

St>ian»*  arfd  gas.  enj^inj-s.  aa3  water-wheels  being  practically  the 
only  prime  mot^ta-j  Jfifyunrccs  of  mechanical  power  used  in  ele 
trie  lightihg,.  af^.'q'iMbe' fully  treated  in  Chapters  VII.   to  XT 
inclusive. 

The  tncchanical  connection  between  the  engine  and  dynamo  is 
matter  of  much  consequence  ;   in  fact,  it  has  been  the  cause 
considerable  trouble  and  discussion  in  electric-light  engineerinj 
and  it   therefore  receives  particular  attention    in   Chapters    XVJ 
and  XVI. 

The  dynamo  being  by  far  the  most  essential  element  in  elcctri-" 
cal  engineering  is  treated  in  considerable  detail.     Chapter  XVII,^_ 
^is  devoted  to  the  principles  and  construction  of  dynamos,  Chap^^| 
ter  XVnr  to  typical  forms,  and  Chapter  XIX.  to  the  practical 
management  of  these  machines.     The  last  subject  is  certainly  of 
fundamental  importance  in  electric  lighting;  and  no  fact  concern^ 
ing  it,  however  small,  is  unworthy  of  consideration.      Indeed,  t( 
nearly  all  electric-light  engineers  a  knowledge  of  the  conslructioi 
of  the  dynamo  is  chiefly  useful  because  it  enables  them  to  man^ 
age  these  machines  more  intelligently,  and  not  because  they  ai 
called  upon  to  design  or  build  them. 
^erumu/a/iffis  are  oden  used  in  conneclftm  with  the  generating^ 
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plant.  An  accumulator,  also  called  a  secondary  or  storage  bat- 
tery, consists  of  a  number  of  voltaic  cells  containing  plates  or 
electrodes  and  a  conducting  liquid  or  electrolyte.  Such  a  battery 
is  inert  in  itself ;  but,  on  passing  a  current  through  it,  certain 
chemical  changes  are  produced,  which  render  it  capable  of  after- 
wards reproducing  a  large  fraction  of  the  electrical  energy  put 
into  it. 

In  Europe  accumulators  have  been  more  extensively  and  suc- 
cessfully employed  than  in  the  United  Stated,  but  they  are  now 
being  quite  rapidly  introduced  into  central  stations  and  isolated 
plants  in  this  country. 

The  principles,  construction,  and  action  of  accumulators  are 
discussed  in  Chapter  XX. ;  and  their  use  in  electric  lighting  is 
considered  in  Chapter  XXI. 

Stvitc/tboards,  including  measuring  instruments,  switches,  cir- 
cuit-breakers, fuses,  automatic  cut-outs,  rheostats,  ground  detec- 
tors, and  other  similar  apparatus,  are  described  in  Chapters  XXII. 
and  XX III. 

Lightning  arresters,  which  involve  almost  the  only  very  uncer- 
tain questions  in  electric  lighting,  are  carefully  considered  in 
Chapter  XXIV. 

This  completes  the  list  of  elements  which  form  part  of  the 
j^enerating-plant  ;  and  the  remainder  of  the  subject,  comprising 
tlie  distribution  and  utilization  of  the  electrical  energy,  is  treated 
in  Volume  II.  The  subjects  therein  discussed  include  the  prin- 
ciples, methods,  and  apparatus  employed  in  direct-  as  well  as  in 
alternating-current  distribution,  underground  and  overliead  con- 
ductors, recording-meters,  house-wiring,  arc  and  incandescent 
lamps.  It  will  be  noted  in  both  volumes  that  the  order  in  which 
the  various  subjects  are  treated  follows  the  usual  sequence  of 
j^cncrating,  transmitting,  and  utilizing  the  electrical  energy  for 
lighting  or  other  purposes.  Tliis  being  the  natural  order  is  easier 
to  follow  than  any  arbitrary  arrangement. 

ADVAJfTAQEa  AHm  DISADVANTTAOES  OF  THE   ELECTBIO   UOHT. 

Before  entering  upon  the  detailed  study  of  electric  lighting, 
certain  general  questions  present  themselves  for  consideration. 
In  the  first  place,  the  relation  uf  the  electric  light  to  ot\v«  lo\ms 


ELBCTHIC  l/G//T/A'G. 


has  exactly  the  same  meaning.     The  name  "  electric  generator,' 
or  simply  "generator, "  is  often  applied  to  the  dynamo,  especially 
when  it  is  used  to  produce  current  for  electric  railway  or  othcri 
motors  ;  but  this  distinction  is  merely  for  convenience.     An  alter-) 
nating  current  dynamo  is  commonly  called  an  "alternator." 

Two  essentially  different  kinds  of  electric  currents  are  in  use».] 
tfinct  and  alternating :   and  the  differences  between  them  give 
rise  to  very  important  variations  in  the  construction  and  opera- 
tion of  electric-lighting  plants.  ] 

A  direct  or.  continuous  current  flows  In  one  direction  only; 
whereas  ah  aijJjerrUiting'cufrent  reverses  its  direction  of  flow,  and 
usually  the'  reVets^ls  occur* very  rapidly,  that  is,  50  to  266  times 
per  second,  the  "  f requepcy'.'-.J^r  number  of  complete  periods  being 
between  25  and  133  per.  speond  in  all  systems  in  general  use. 
^  '•The.  steam  or  gas  engif/t^j^ttf  water-uilieeis  employed  in  elec- 
tric; lighting  are  practically  th«  same  as  those  used  for  other 
purposes,  except  that  it  is  especially  important  that  they  shouh 
be",  ^jjr^.  c:£)nstLint  in  specdv.,  ." 

Sttikin'and  gas.  en^in.e'!^aa3  walcr-wheels  being  practically  theJ 
only  pnme  mot"er5  &:':|ipurces  of  mechanical  power  used  in  elcc-f 
trie  lightihg,.  ar.fe/quite'  fully  treated  in   Chapters  VII.   to  XIV. 
inclusive. 

The  mechanieal  connection  between  the  engine  and  dynamo  is 
matter  of  much  consequence  ;  in  fact,  it  has  been  the  cause  oi 
considerate  trouble  and  discussion  in  clcrtric-light  engineerings 
and  it  therefore  receives  particular  attention  in  Chapters  XV. 
and  XVI. 

The  dynamo  being  by  far  the  most  essential  element  in  electri 
cal  engineering  is  treated  in  considerable  detail.  Chapter  XVII, 
is  devoted  to  the  principles  and  construction  of  dynamos,  Cha 
ter  XVIII.  to  typical  forms,  and  Chapter  XIX.  to  the  practic: 
management  of  these  machines.  The  last  subject  is  certainly  of 
fundamental  importance  in  electric  lighting;  and  no  fact  concern- 
ing it,  however  small,  is  unworthy  of  consideration.  Indeed,  to 
nearly  all  electric-light  engineers  a  knowledge  of  the  construction 
of  the  dynamo  is  chiefly  useful  because  it  enables  them  to  man- 
age these  machines  more  intelligently,  and  not  because  they  ar 
called  upon  to  design  or  build  them. 

Accumuiators  are  often  used  in  conncctihn  with  the  generating- 
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plant.  An  accumulator,  also  called  a  secondary  or  storage  bat- 
tery, consists  of  a  number  of  voltaic  cells  containing  plates  or 
electrodes  and  a  conducting  liquid  or  electrolyte.  Such  a  battery 
is  inert  in  itself;  but,  on  passing  a  current  through  it,  certain 
chemical  changes  are  produced,  which  render  it  capable  of  after- 
wards reproducing  a  large  fraction  of  the  electrical  energy  put 
into  it. 

In  Europe  accumulators  have  been  more  extensively  and  suc- 
cessfully employed  than  in  the  United  States,  but  they  are  now 
being  quite  rapidly  introduced  into  central  stations  and  isolated 
plants  in  this  country. 

The  principles,  construction,  and  action  of  accumulators  are 
discussed  in  Chapter  XX. ;  and  then*  use  in  electric  lighting  is 
considered  in  Chapter  XXI, 

Switchboards,  including  measuring  instruments,  switches,  cir- 
cuit-breakers, fuses,  automatic  cut-outs,  rheostats,  ground  detec- 
tors, and  other  similar  apparatus,  are  described  in  Chapters  XXII. 
and  XXIII. 

Lightning  arresters,  which  involve  almost  the  only  very  uncer- 
tain questions  in  electric  lighting,  are  carefully  considered  in 
Chapter  XXIV. 

This  completes  the  list  of  elements  which  form  part  of  the 
j:jenerating-plant  ;  and  the  remainder  of  the  subject,  comprising 
the  distribution  and  utilization  of  the  electrical  energ^y,  is  treated 
in  V'olume  II.  The  subjects  therein  discussed  include  the  prin- 
ciples, methods,  and  apparatus  employed  in  direct-  as  well  as  In 
alternating-current  distribution,  underground  and  overhead  con- 
iluctors,  recording-meters,  house-wiring,  arc  and  incandescent 
lamps.  It  will  be  noted  in  both  volumes  that  the  order  in  whicii 
the  various  subjects  are  treated  follows  the  usual  sequence  of 
generating,  transmitting,  and  utilizing  the  electrical  energy  for 
lighting  or  other  purposes.  This  being  the  natural  order  is  easier 
to  follow  than  any  arbitrary  arrangement. 

ADVAJrrAOES  AITD  DISADVANTAGES  OF  THE   EIiSCTBIO   LZOHT. 

Before  entering  upon  the  detailed  study  of  electric  lighting, 
certain  general  questions  present  themselves  for  consideration. 
In  the  first  place,  the  relation  of  the  electric  light  to  other  forms 
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>ractical  difficulties  of  requiring  a  new  candle  to  be  switched  on 
e\'ery  two  hours,  and  the  cost  of  the  candles  made  the  light  rather 
expensive.  It  was  sufficiently  developed  to  be  used  for  lighting 
the  Avenue  de  L'Opira  and  other  places  in  Paris  in  1878,  and  it 
was  also  introduced  and  used  in  a  few  places  in  America  :  but 
the  objections  stated  above  prc\-ented  it  from  being  a  permanent 
success  commercially. 

In  the  Brush  system,  brought  out  in  1878,  arc  lamps  with 
regulating  mechanism  practically  identical  with  those  employed 
to-day  were  operated  in  series  on  a  single  circuit.  The  success 
of  this  system  was  due  to  the  fact  that  it  included  a  complete  set 
of  apparatus;  that  is,  a  dynamo  having  a  current  regulator,  and 
arc  lamps  with  differential  coil  regulators  and  simple  ring-clutch 
mechanism,  which  lamps  could  be  operated  satisfactorily  in  series«fl 
Brush  also  invented  the  "double-carbon"  lamp;  that  is,  a  lamp 
in  which  a  second  pair  of  carbons  are  automatically  thrown  into 
action  when  the  first  pair  are  used  up.  Before  the  introduction 
of  inclosed  arc  lamps  in  1803  this  feature  was  practically  essen- 
tial for  all-night  arc  lighting,  as  in  the  case  of  most  street-lamps. 
In  short.  Brush  gave  to  the  public  a  system  in  which  the  various 
elements  were  reasonably  good  in  themselves,  and  co-operated  tofl 
produce  a  fairly  economical  and  generally  satisfactory  n:cthod 
of  lighting.  Good  business  management  also  contributed  largely 
to  the  wide  use  and  original  success  of  the  Brush  apparatus.  H 

The  Edison  system,  which  was  developed  experimentally  dur 
ing  1878-1879,  and  brought  out  commercially  in  1880,  made  use 
of  the  incandescent  instead  of  the  arc  lamp.     The  Kdison  sys*, 
len*>  contained  the  necessary  elements  for  a  successful  use  of  th 
incandescent  lamp,  which  elements  had  not  been  known  or  used 
previously,  although  the  system  is  apparently  very  simple.     These 
essential  elements  are  :  First,  a  dynamo  having  an  armature  withH 
a  very  low  internal  resistance;  and  the  armature  introduced  by 
Edison  did    not  have   more   than   one-fifth    to  one-tenth  of   the 
resistance  of  similar  machines  used  by  others  prior  to  that  time. 
Second,  a  constant  potential    or   electrical   pressure   was   main 
tained  throughout  the  system  of  conductors,  to  which  the  lamps 
were  connected  in  parallel,  that  is,  in  branch  circuits,  so  that  the 
turning  on  or  off  or  breaking  of  a  lamp  did  not  affect  the  others. 
Third,  the   lamps  consisted  of   high-resistance  carbon  filaments 


\ 


HISTORY  OF  ELECTRIC  LIGHTING,  15 

hermetically  sealed  in  glass  globes  in  an  almost  perfect  vacuum. 
High-resistance  filaments  are  practically  necessary  to  enable  the 
me  of  reasonably  high  voltage,  which  greatly  reduces  the  weight 
of  copper  required  for  the  conductors,  and  a  vacuum  is  required 
to  prevent  the  destruction  of  the  filament  and  the  loss  of  heat 
by  convection.  At  the  same  time  that  the  Edison  system  was 
brought  out,  or  soon  after,  other  inventors  were  working  on  sys- 
tems similar  to  the  above.  Important  contributions  to  the  prog- 
ress of  incandescent  lighting  were  made  in  lamps  and  other 
devices  by  Sawyer  and  Man,  Maxim  and  Weston,  in  America; 
also  by  Swan  and  Lane  Fox  in  England.  In  the  field  of  arc 
lighting,  Thomson  and  Houston  brought  out  a  complete  and 
very  successful  system,  which  had  the  radical  advantage  over 
the  Brush  system  that  the  regulator  for  controlling  the  current 
and  keeping  it  constant  was  superior  to  that  employed  by  Brush. 
Indeed,  the  great  success  of  the  Thomson-Houston  system  was 
lai^eiy  due  to  the  very  ingenious  and  effective  regulator  which 
they  applied  to  their  dynamo.  Another  arc-lighting  system  was 
brought  out  by  Weston ;  but  this  also  was  defective  in  not  hav- 
ing a  satisfactory  current  regulator,  although  the  dynamo  and 
lamp  were  exceedingly  well  designed  and  constructed,  consider- 
ing the  time  at  which  they  were  made.  In  Europe,  arc-lighting 
systems  have  been  developed  by  Siemens,  Krizig  &  Piette  (the 
"Pilsen  lamp"),  Crompton,  Gulcher,  and  other  inventors  and 
nianufacturers ;  but  arc  lighting  in  Europe  has  never  been  par- 
ticularly popular  or  extensively  used  even  up  to  the  present  day. 
A  system  of  electric  lighting  by  means  of  alternating  current 
transformers  was  invented  by  Gaulard  and  Gibbs  in  1882.  This 
system  was  based  on  the  early  experimental  work  with  induction 
coils  by  Faraday  in  1831,  Henry  in  1832,  Page  in  1835,  Sturgeon 
'n  183T,  Ruhmkorff  in  1851,  and  others.  Gaulard  and  Gibbs 
"'ade  the  fatal  error  of  running  the  transformers  in  series,  which  is 
'""practicable.  In  1885  Zipernowsky,  Deri,  and  Blathy  brought 
^'^^  a  system  in  which  this  mistake  was  corrected,  the  trans- 
formers being  worked  in  parallel.  The  alternating  current  trans- 
former system  was  extensively  and  successfully  introduced  in  the 
Utiited  States  in  1887  by  the  efforts  of  Westinghouse,  Stanley, 
*"d  others.  The  great  saving  in  the  amount  of  copper  required 
'of  the  distributing  conductors  in  this  system  caused  'A  \.o  \ife 
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rapidly   and    widely   adopted.      In    the    meantime,   the   dynamo 
machine  was  being  gradually  but  steadily  perfected  by  the  various 
inventors   and   manufacturers,    for  use   in    their  electric-lighting 
systems.     Edison,   Brush,   Thomson,    Houston,   and   Weston,    all 
contributed  to  this  progress.     The  multipolar  dynamo  was  devel- 
oped  by  Hlphinstoiie  and  Vincent    in    1879    and   1880,  and    b 
Schuckerl,  Gramme,  Gulcher,  Mordey,  and  others.     The  theorct 
ical  study  of  the  dynamo  was  taken  up  by  Clausius,  Sir  William 
Thomson,  and    Frolich.     The  last-named  brought  out  ia  1880  a 
working  theory  which  is  still  of  practical  value.     A  great  advance 
in  the   theory  and    practical  design  of  dynamos   was    made   b/fl 
J.  and  K.  Hopkinson  in  1886.*     Their  paper  laid  down  the  cor-™ 
rect  theory,  and  embodied  a  method  of  designing  the  magnetic 
circuit  of  dynamo  machines,  which  up  to  that  time  had  been  very^ 
imperfectly  understood;   and    most  machines  at    that  time  were 
very  bad  in  this  respect.     Kapp  brought  out  in  1887  a  similar 
method  of  designing  the  field  magnets  of  dynamos ;  but  it  waafl 
largely  empirical,  and  not  so  complete  and  scientific  as  the  Hop- 
kinson method,  which  is  now  generally  used  by  the  best  electrical 
engineers.     Hopkinson  and  Edison  f  independently  invented  the 
three-wire  system  of  distribution,  which  makes  a  considerable  sav- 
ing in   the   amount  of   copper  required  for  low-tension  circuits. 
Incandescent  lamps  have  gradually  been   improved  in  cheapness 
and  efficiency,  and  the  mechanism  of  arc  lamps  has  been  perfected 
from  time  to  time.     Great  improvements  have  been  made  in  the 
last  few  years  in  the  construction  of  large  direct-coupled  steam- 
engines  and  multipolar  dynamos  for  central  stations.     Enormous 
progress   has  also  been   made   in   the  general  perfection  of  th( 
various  details  of  electric-lighting  plants.     The  insulation  of  eli 
trical  conductors  has  been  very  greatlj'  improved.      Storage  bat-^ 
teries  have  been  extensively  applied  to  electric -light  stations  andj 
isolated  plants  to  secure  greater  flexibility,  economy,  and  relia- 
bility.   The  introduction  of  the  inclosed  arc  lamp  by  L.  B.  Marksj 
in  181)3  has  extended  the  life  of  a  pair  of  carbons  from  S  to  100 
hours,  thereby  greatly  reducing  the  cost  and  trouble  of  renewing 
them.      Alternating- current  arc  lamps,  both  open  and  inclosed, 
have  been  developed  to  tlic  point  of  rivalry  with  the  direct-current 

*  PkUot0fh.  7'raHsaet.  9/ tkt  Hoyol  Hearty . 
t  If.  S.  Patent  Na  274290,  M.it^h.  30,  IBtfS. 
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types.  The  Nernst  lamp,*  brought  out  in  1899,  has  a  filament 
composed  of  certain  metallic  oxides  which  must  first  be  heated  by 
a  flame  or  auxiliary  electrical  device  in  order  to  become  a  con- 
ducts. This  type  has  a  higher  efficiency  than  the  ordinary  car- 
bon lilament-lamps.  The  Hewitt  lampf  first  exhibited  in  1901 
has  a  still  higher  efificiency.  It  consists  of  a  tube  containing 
mercury  vapor. 

For  further  study  of  the  general  history  of  lighting,  the  reader 
is  referred  to  the  following : — 

Histoire  du  Luminaire  depuis  Vepoque  romaine  j'usqu^ au  XIX* . 
Steele,  par  Henri-Ren6  D'Allemagne,  Paris,  1891. 

This  is  a  voluminous  treatise  on  the  history  of  all  methods  of 
artificial  illumination  from  ancient  to  modern  times.  The  artistic 
side  is  most  prominent,  but  technical  matters  of  construction  and 
operation  are  also  considered. 

For  the  history  of  electric  lighting  reference  may  be  made  to 
The  Electric  Lights  by  Alglave  and  Boulard;  translated  by  T. 
O'Conor  Sloane;  edited  by  C.  M.  Lungren. 

Electric  Illumination,  by  James  W,  Dredge,  two  vols.,  London, 
1883-1885,  contains  the  most  complete  account  of  the  history 
of  electric  lighting  prior  to  the  dates  of  publication,  each  form  of 
dynamo  and  lamp  being  described  in  detail. 

Arc  and  Glow  Lamps,  by  Julius  Maier,  London,  1886,  contains 
illustrations  and  descriptions  of  many  forms  of  lamps.  The  Evo- 
lution of  the  Electric  Incandescent  Lamp,  by  F.  L.  Pope,  Eliza- 
beth, N.  J.,  1889,  gives  a  detailed  account  of  the  early  work  of 
Sawyer  and  Man,  and  Edison.  Marsden  J.  Perry  made  an  ad- 
dress on  the  history  of  electric  lighting  before  the  National  Elec- 
tric Association.  February,  1891  {Elec.  World,  Feb.  28,  1S;H); 
and  Charles  F,  Brush  gave  very  interesting  personal  reminiscences 
of  the  early  history  of  arc  lighting  before  the  same  body  in  Feb- 
ruary. 1S95  {Elec.  World,  March  2,  1895). 

Avery  complete  history  of  the  dynamo  is  contained  in  Thom- 
son's Dynamo-Electric  Machinery  (Fifth  Edition,  pages  5-21). 

•  U.  S.  Patents  Nos.  685,  724-82,  Oct.  29,  1301.     Transacltom  Amer.  Imt.  El^x, 
Eng.,  Aug.  1901. 

f  Electricai  Jinnew,  New  York,  April  27,  1901. 
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CHAPTER    III, 


OENBRAI.   UNITS   AND  MEASURES. 


The  general  principles  o£  electricity  should  first  be  stutlit 
and  understood  before  one  attempts  to  lake  up  the  subject 
electric  lighting  or  other  branch  of  electrical  science,  wheth< 
theoretical  or  applied.  In  electrical  books  it  has  been  a  commol 
practice  to  devote  a  great  deal  of  space  to  first  principles  ; 
fact,  it  is  no  exaggeration  to  say  that  from  one-<juarter  to  one-h£ 
of  almost  every  book  which  treats  of  some  particular  branch 
applied  electricity  is  taken  up  by  a  discussion  of  the  elemental 
facts  of  electricity  and  magnetism.  The  result  has  been  that  tl 
first  parts  of  almost  all  electrical  books  are  practically  identic: 
and  the  subject  itself  is  hardly  touched  until  nearly  one-half 
the  space  has  been  usetl  up,  which  greatly  curtails  the  real  sul 
jcct-matter.  This  practice  is  obviously  unnecessary,  and  mo! 
readers  skip  the  first  part  before  they  find  anything  that  interest 
them.  The  source  from  which  to  obtain  a  sufficient  knowledge 
the  fundamental  principles  is  some  elementary  or  general  treatise; 
and  the  reader,  if  not  already  familiar  with  the  subject,  is  referred 
to  such  treatises,  and  recommended  to  acquire  a  general  knowl- 
edge of  electricity  before  attempting  to  master  electric  lighting  or 
any  other  application  of  electricity.  There  are,  however,  certain 
important  facts  and  principles  which  are  of  special  significance  in 
connection  witli  any  particular  subject. 

Furthermore,  there  is  a  certain  amount  of  choice  in  the  selec- 
tions of  units,  standards,  terms,  and  definitions,  which  make  it 
desirable  for  each  author  to  specify  exactly  which  of  these  he 
employs  ;  otherwise,  considerable  confusion  and  uncertainty  might 
arise  in  the  mind  of  the  reader,  because  different  authors  employ 
quite  different  standards,  terms,  etc.  Tliere  is,  fortunately,  a  strong 
tendency  towards  uniformity  and  definiteness  in  regard  to  elec* 
trical  units  and  terms,  and  each  year  sees  considerable  advance  in 
this  direction.  The  most  important  example  of  this  is  the  univer- 
«a/  adoption  of  the  "International  '*  volt,  ohm,  and  other  electrical 
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units,  which  are  no  longer  abstract,  as  they  formerly  were,  but 
are  concrete  and  material  standards.  We  have,  on  the  other 
hand,  quite  a  large  increase  in  the  number  of  electrical  terms 
and  units,  due  to  the  rapid  progress  of  knowledge ;  but  such  new 
terms  must  necessarily  be  experimental  and  unsettled  until  they 
are  found  to  be  not  only  correct,  but  useful.  In  fact,  the  test  of 
utility  alone  largely  determines  the  question  of  whether  a  new 
term  or  unit  is  worthy  of  adoption.  The  outcry  against  the  intro- 
duction of  any  new  electrical  term  is  futile,  because  they  are  the 
inevitable  result  of  progress  and  more  exact  knowledge.  The 
simple  fact  is,  that  the  time  is  soon  coming  when  no  one  person 
wn  be  master  of  more  than  one  or  at  most  a  few  branches  of 
electricity.  On  the  other  hand,  the  multiplication  of  new  units 
and  terms  can  be,  and  often  is,  carried  too  far.  It  is  not  desira- 
ble to  have  a  name  for  every  possible  quantity  or  combination  of 
quantities,  and  it  is  still  more  superfluous  to  give  names  to  the 
ftciprocals  of  all  these  quantities.  Such  matters,  however,  take 
eare  of  themselves,  and  time  will  show  what  is  necessary  or  desir- 
able. It  may  be  the  duty  of  future  electrical  congresses  to  abolish 
units  and  terms  which  are  found  to  be  useless. 

In  the  present  work  it  was  thought  best  to  put  the  various 
Finciples  with  the  particular  subject  to  which  they  naturally 
belong;  for  example,  the  data  of  electromagnetism  are  given  in 
connection  with  the  dynamo.  There  are,  however,  certain  fun- 
(^entai  units  which  are  used  in  many  branches,  and  a  few  of 
these  are  given  in  this  chapter  for  convenience.  The  necessity 
for  this  is  increased  by  the  unfortunate  fact  that  both  the  metric 
^d  English  systems  of  measure  are  used  in  electrical  engineer- 
ing; and  we  are  practically  forced  to  use  both,  and  often  the  two 
systems  are  actually  mixed  in  the  same  sentence !  Hence  the 
^los  for  converting  one  system  into  the  other  are  often  needed. 

There  seems  to  be  no  way  to  avoid  this  at  present,  and  the 
transition  must  be  made  gradually.  Indeed,  it  will  be  extremely 
difficult  to  change  the  measurements  of  wires,  machines,  etc., 
*hich  are  always  manufactured  and  measured  in  terms  of  inches 
^^  feet.  But  in  some  cases  the  use  of  centimeters  and  other 
""etric  units  involves  no  serious  trouble,  and  the  centigrade  ther- 
inometor  scale  can  often  be  substituted  for  the  senseless  Fahren- 
"Cit  scale,  thus  accustoming  ourselves  to  the  change. 
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In  Steam-engineering,  however,  the  English  system  is  stiU 
employed  almost  exclusively,  and  in  many  cases  we  must  even 
use  Fahrenheit  heat  units  in  order  to  be  understood.  It  does 
more  harm  than  good  to  attempt  to  force  these  matters  ;  and  a 
book  in  the  English  language  which  uses  one  system  exclusively] 
is  very  inconvenient  to  a  large  fraction  of  its  readers,  and  is  n( 
suited  to  the  present  times. 

The  following  tables  are  given  to  facilitate  the  conversion  of] 
metric  into   English    units,  or  vice  versa.     The  logarithms  (six-! 
figure)  of  each  number  are  also  given.     In  most  cases  four-place] 
logarithms  are  sufficiently  accurate;  hence  a  space  is  left  between 
the  fourth  figure  and  the  last  two,  so  that  the  latter  may  be  easily 
omitted.     Approximate  values  for  mental  calculations  are  given 
many  Instances,  the  error  being  usually  less  than  one  per  cent. 


MEASURES   OF    LENGTH. 


IT  ALUS- 


MilUtneters  in  one  inch 25 

Ccntinictrrs  in  one  Inch 2) 

Centimeters  in  one  loot 3(4 

Meiers  in  one  foot |l| 

Meiers  in  one  yard \\ 

Meiers  in  one  suiulc  mile 

Kilometers  in  one  mile 1} 

Inches  in  one  centimeter j 

Inches  in  one  meter 8(4 

Feet  in  one  meter Si 

Feet  in  one  mile 

Feet  in  one  kilometer 

Vards  in  one  meter 1 1^^ 

VhkIs  in  one  mile  .     • 

Miles  in  one  kilnmeler | 

MEASURES   OP    AREA. 


ArrKox. 
VAU'm. 


Square  millimeters  In  one  square  inch 
Squue  centimeters  in  one  ^uare  inch 
Square  centimeters  in  one  squnrc  foot 
Square  meters  in  one  square  loot  ,  . 
Square  kilometers  in  one  si|viire  mile  . 
Square  inches  in  one  s^juare  rvntimeter 
Square  inches  in  one  M|uare  meter 
5y(uare  feel  in  one  square  meter  .  . 
Square  yards  in  one  square  meter  .  . 
Sqiute  miles  in  one  square  kilometer. 


Ci 


ACTUAt. 
KVMSBt. 

25.4 
S.M 
S0.4S 

.»0480 
.01440 

i.eoosfi 

.8087 
89.S7 
8.28083 
5280, 

»2S0.^ 
1.0(t.11tl 

nm. 

.B2137 


ACTI'AI. 
KL'MDVK. 

045.10 
0.4.-.  16 

.0021)03 
2.S9 
.155 

15.10. 
lO.TtM 
MM 
-SiHJl 


UKABrTHM. 

1.4048  34 

.404.'^  34 
[.4840  |& 
1.4S40  Ifi 
1.961 1  36 
3.2066  50 

.2066  00 
1.60&1  6S 
1.5(t5l  66 

.515»  87 
S.T220  Ui 
3.5150  81 

.0.388  ttSj 
3.2455  13 
1. 7933  50 


UKAnTMHa 


2.8006 

.8006 
2.9tblt0 

.9680 

.4133 
1.190S 
3.1008 
1.0»lft 

.0777 
1.5807 
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MEASURES    OF   VOLUME. 

APPKOZ.             ACTUAL.  ,nr-*«i-ri.w 

Cabic  centimeters  ID  one  cuHc  inch 161            16.887  1.2145 

CabicceDdmeters  in  one  cubic  foot 28316.  4.4S20  30 

Cnbk  aetets  in  one  cubic  yard {                .7645  1.8833  77 

OiUc  inches  in  one  cubic  centimeter ^              .06102  2.7854  72 

Catae  feet  in  one  cubic  meter 35^            36.82  1.5480  21 

Cat»C7inls  in  one  cubic  meter 1.308  .1166 

CnbcceDiimeteis  in  one  quart  (U.S.  Liquid).     .  046.3  2.0760  30 

Catic centimeters  in  one  gallon  (Imperial).     .     .  4642.  8.6572  50 

Liien  in  one  quart  (U.  S.  Liquid) .&463  1.&760  30 

Ltten  in  one  gallon  (Imperial) 4^              4.542  .6572  50 

Cabk  inches  in  one  liter 61.02  1.7854  72 


MEASURES    OF    WEIGHT. 

AFHOX.  ACTUAL 

VALUB.  NUHBMK. 

GnmiinoDe  pound  (avoirdupois) 453.50 

Kil(^itns  in  one  pound  (avoirdupois)      ....           \\  .45350 

Milligrams  in  one  grain 66  64.700 

Grains  b  one  gram \h\  16.432 

Onnces  (avdp.)  in  one  kilogram 36}  86.274 

Pwnds  (avdp.)  in  one  kilogram 2^  2.2046 

Short  tons  (2000  lbs.)  in  one  metric  ton  (1000  kg.)        li^  1.1023 

Long  tons  (2240  lbs.)  in  one  metric  ton  (1000  kg.)         1  .0842 

Mctri(;tons(1000kg.)inone8hort  ton  (2000  lbs.)          ^j  .OOTIO" 

COMPOUND    UNITS.       (WORK    AND    PRESSURE.) 

APPROX.  ACTUAL 

VALUB.  NUMBER. 

Kflogram-metcrs  in  one  foot-pound .13826 

Foot-poonds  in  one  kilogram-meter 7^  7.233 

Ki'<^ms  per  sq.  cm.  (pressure)  in  one  lb.  per  sq.  in.  .07031 

Pounds  per  sq.  inch  in  one  kg.  per  sq.  cm.    .     .     .       14}  14.^23 


LOGAXtTHM. 

2.6666  66 
1.6566  66 
1.8115  68 
1.1884  30 
1.5474  55 
.3433  34 
.0423  04 
1.0030  83 
1.0576  Ofl 


LOGARITHUf. 

1.1406  65 
_.8593  20 
2.8470  14 
1.1629  90 


MEASURES    OF    HEAT. 

"niese  are  given  in  connection  with  the  subjects  of  the  steam-engine  and  arc  and 
incandescent  lamps,  where  they  naturally  belong.  The  conversion  of  centigrade  tem- 
peratures into  Fahrenheit,  or  vice  versa,  has  to  be  performed  so  often,  however,  that 
«>c  data  are  given  here.  To  convert  centigrade  degrees  into  Fahrenheit,  multiply  by 
I  or  1.8,  and  add  32.  To  convert  Fahrenheit  degrees  into  centigrade,  subtract  32,  and 
multiply  by  {  ;  that  is,  — 

//  =  I  /.  +  32  and  U  ==§('/-  32). 

The  values  of  the  various  units  of  heat  are  not  always  given  exactly  the  same,  for 
Ibe  reason  that  the  original  value  obtained  by  Joule  for  the  mechanical  equivalent  of 
he«i  was  772  foot-pounds  for  one  pound  of  water  heated  one  degree  Fahrenheit.  The 
later  experiments  of  Rowland  show  that  this  should  be  about  780  foot-pounds,*  depend- 
ing i^on  the  spedSc  beat  of  water  and  the  force  of  gravity, 

•  E*«icn'a  C.  G.  S.  Sf^^  «/  Units,  I89I  Edit.,  pp.  W-lOl. 
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Accepting  the  lallcr  value,  we  have  ihc  (oUowing  idatioas:  — 

780  n.-llx.  per  ]b.-d«$.  F.  1404  (t.-lbs.  per  IK-deg.  C. 

428  kgm.-mi'tcis  per  kg.-dtg.  C.  4.3  X  10*  ergs  per  gnn.-deg.  C 

A.'l  Joules  (Walt-seconds)  per  grm.-deg.  C 

The  gnn.-deg,  C.  is  the  ctnount  ol  heat  required  to  raise  the  temperature  of  oi 
pam  of  water  one  degree  Cent.,  and  is  called  the  gram-calorie. 


xleotsicaij  urnrs. 

Formerly  the  electrical  units  were  defined  somewhat  abstractly 
and    there  were  considerable  discrepancies  between  the  varioi 
determinations  of  the  ohm.     The  result  was  that  three  values  foi 
the  ohm  and  volt  have  been  adopted  and  used.     These  are  tl 
British,  Association  (B.A.)  ohm  and  volt,  the  "Legal"  ohm  an( 
volt,  and,  finally,  the  hiternational  ohm  and  volt.     The  value 
the  ampere  has  not  changed  materially  since  its  absolute  va1u< 
was  easily  and  accurately  obtained  by  the  tangent  galvanomet* 

This  confusion  ha.s   been   overcome  by  the  recommcndatioi 
of  the  International  Klectrical  Congress,  held  at  Chicago,  August 
1898,  which    have    been   adopted    and    legalized    by  the    Unit< 
States,   Hngland,  Germany,  and  other  countries. 

Thus  Uie  ohm,   volt,  and  other  electrical  units  have  definiti 
and  probably  y?«tf/,  values  all  over  the  world. 

The  Act  of  the  United  States  Congress  legalizing  these  unit 
is  as  follows:  — 

AN  ACT 

To  dtfin*  and  tttahlitk  Iht  umUi  oftUUricat  mtasMn. 

Be  it  enacied  by  the  Senate  and  Manse  of  RepreseHiathts  of  the  UniiA 
States  of  America  in  Congress  assemMed.  That  from  and  after  Uie  passage 
thbi  Act  the  legal  unitK  of  dectrical  measure  in  the  United  States  shall  be  A^ 
follows :  —  ^H 

First.  The  unit  of  resistance  shall  be  what  is  known  as  the  Interaation^H 
ohm.  which  is  substantially  equal  to  one  thousand  million  uniLi  of  resistaacr^ 
of  the  cent! me ler-Rram -second  system  of  electro-magnetic  units,  and  is  repre- 
sented hy  the  resistance  offered  to  an  unvarying  electric  current  hy  a  colunn**- 
of  mercury  at  the  Icmperaliire  of  melting  ice  fourteen  and  four  thousand  Hv"^ 
hundred  and  twenty-one  ten-thousandtlis  (l-t-'li>21)  grams  in  mass,  of  a  con' 
slant  cm&s-sectional  area,  and  of  the  length  of  one  hundred  and  six  and  ibrc^ 
tenths  (109.3)  centimeters. 

Second.  The  unit  of  current  shall  be  what  is  known  as  the  intcmation^^ 
ampere,  which  is  one-tenth  of  the  unit  of  current  of  the  ccntimetcr-gram-sccor*^* 
system  of  electro- magnetic  units,  and  is  the  practical  equivalent  of  the  unvaiV 
log  current,  which,  when  passed  through  a  solution  of  nitrate  of  silver  in  trtX^^ 
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■  MfionUncc  with  standard  specificatioiis,  deposits  silver  at  the  rate  of  one 
IfcflmOTTl    one    hundred    and   eighteen    millionth^    (.UOlll^)    of  a  gram    per 

MSDOd. 

THrd.  The  unit  of  electro-motive  force  shall  be  what  is  known  as  the 
iMaationa]  volt,  which  is  the  electro-motive  force  that,  steadily  applied  to  a 
cmfactor  whose  resistance  is  one  international  ohm,  will  produce  a  current  of 
an  mtemational  ampere,  and  is  practically  equivalent  to  one  thousand  fourteen 
kvkdrcd  and  thirty-fourths  (}JS))  of  the  electro-ntotive  force  between  the  poles 
or  dectrodes  of  the  voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of 
Bbecn  degrees  centigrade,  and  prepared  in  the  manner  described  in  the 
iludanl  speciBcaiions. 

Faarik,  The  unit  of  quantity  shall  be  what  is  known  as  the  intem.nion.'U 
OMkimb,  which  is  the  quantity  of  electricity  traniferrcd  by  a  current  of  one 
tDteroational  ampere  in  one  second. 

FxftM.  The  unit  of  capacity  shall  be  what  is  known  as  the  international 
farad,  which  is  the  capacity  of  a  condenser  charged  to  a  potential  of  one  inter- 
oatiaaal  volt  by  one  internatioual  coulumb  of  electricity. 

SixtA.  The  unit  of  work  shall  be  the  Joule,  which  is  equal  to  ten  million 
tthsof  work  in  the  centimeter-gram-second  system,  and  which  is  practically 
cipivalcat  to  the  energy  expended  in  one  second  by  an  international  ami>cre 
in  tn  iniemational  ohm. 

SrvtHfA.  The  unit  of  power  shall  be  the  Watt,  which  is  equal  to  ten 
miDtoo  units  of  power  in  the  centimeter-gram -second  system,  and  which  is 
pnctiolly  cqui\-aleat  to  the  work  done  at  the  rate  of  one  Joule  per  second. 

Exgkih.  The  unit  of  induction  shall  be  the  Henry,  which  is  the  induction 
n  a  circuit  when  the  electro-motive  force  induced  in  this  circuit  is  one  intcr- 
olioaal  volt,  while  the  inducing  current  varies  at  the  rate  of  one  ampere  per 
Moood. 

Sec  2.  That  it  shall  be  the  duty  of  the  National  Academy  of  Sciences  to 
pRscribe  and  publish,  as  soon  as  possible  after  the  pass.ige  of  this  Act,  such 
ipecifications  of  details  as  shall  be  necessary  for  the  practical  application  of  the 
dtfiattions  of  the  ampere  and  volt  hereinbefore  given,  and  such  spccilications 
thdl  be  the  standard  speciiicalions  herein  mentioned. 

Apprtnftd  ]ii\y  12,  1894. 


The  specifications  prescribed 
Sdenoes  in  accordance  with  the 
are  as  follows :  — 


by  the  National    Academy  of 
last   section  of   the   above  act 


SP£CiriCATtONS    FOR   THE    PRACTICAL    APPLICATION    OF    THE 
DEFINITIONS    OF    THE    AMPERE    AND    VOLT. 

Spoclfioatlon  A. —  The  Ampere. 

Iv  employing  the  silver  voltameter  to  measure  currents  of  about  one  ampere, 
tk(  fallowing  arrangements  shall  be  adopted  :  — 

The  cathode  on  which  the  silver  b  to  be  deposited  shall  take  the  form  of  a 
pluiDDm  bowl  not  less  than  10  centimeters  in  diameter,  aad  from  4  to  ^  ccnti- 
Bcun  Ja  depth. 
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The  anode  shall  be  a  disk  or  pLite  of  pure  silver  some  30  square  centimetc 
in  area,  and  2  or  3  millimeters  in  thickness. 

This  shall  be  supported  horizontall)-  in  the  liquid  near  the  top  of  the  solution^ 
by  a  sitver  rod  riveted  through  its  center.  To  prevent  the  disintegrated  silver 
which  Is  forined  on  the  anode  from  falLing  upon  the  cathode,  the  anode  shall  be 
wrapped  around  with  pure  filter  t>apiu-,  secured  at  the  back  by  suitable  folding. 

The  liquid  shall  consist  of  a  neutral  solution  of  pure  silver  nitrate,  coDtaiQinj 
about  15  parLs  by  weight  of  the  nitrate  to  HTj  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current 
To  prevent  these  changes  having  too  great  an  effect  on  the  current,  some  resist-' 
ance  besides  that  of  the  voltameter  should  be  inserted  in  the  circuit.     The  total 
metallic  resistance  of  the  ciiciiit  should  not  be  less  than  10  ohms.  M^ 

Method  of  making  a  Measuremeat.  —  The  platinum  bowl  is  to  be  washe<^ff 
consecutively  with  nitric  acid,  distilled  water,  and  ab.^o]utc  alcohol ;  it  is  then  to 
be  dried  at  130°  C,  and  left  to  cool  in  a  desiccator.     When  thoroughly  cool  U^ 
is  to  be  weighed  carefully.  fl 

It  is  to  be  nearly  fdled  with  the  solution,  and  connected  to  the  rest  of  the  dn 
cuit  by  being  placed  on  a  clean  insulated  copper  support  to  which  a  binding- 
screw  is  attached. 

The  anode  Is  then  to  be  immersed  in  the  solution  so  as  to  be  well  covered 
by  it.  and  supported  in  that  position ;  the  connections  to  the  rest  of  the  circuit 
are  then  to  Ue  made. 

Contact  is  to  be  made  at  the  key,  noting  the  time.  The  current  is  to  be 
allowed  to  pass  for  not  less  than  half  an  hour,  and  the  time  of  breaking  contact 
observed. 

The  solution  is  now  to  be  removed  from  the  bowl,  and  the  deposit  washed 
with  distilled  water,  and  left  to  soak  for  at  least  six  hours.     It  is  then  to  be 
rinsed  successively  with  distilled  water  and  absolute  alcohol,  and  dried  in  a  h( 
mr  bath  at  a  temperature  of  about  lfl)y  C.     After  cooling  in  a  desiccator  it  is 
be  weighed  again.     The  gala  in  mass  gives  the  silver  deposited. 

To  find  the  lime-averagc  of  the  current  in  amperes,  this  mass,  expressed  in 
gram-i,  must  be  divided  by  the  number  of  seconds  during  which  the  current  lias 
pnsscd  and  by  O.OOlUrt.  J 

In  determining  the  constant  of  an  instrument  by  this  method,  the  curren^B 
should  be  kept  as  nearly  uniform  as  possible,  and  the  readings  of  the  instrument 
obuiervcd  at  frequent  intervals  of  lime.  These  obser\"ations  give  a  curve  from 
which  the  reading  corresponding  to  the  mean  current  (time-.iverage  of  the  cur- 
rent) can  be  found.  The  current,  as  calculated  from  the  voltameter  resalts, 
corresponds  to  this  reading. 

The  current  used  in  this  experiment  must  be  obtained  from  a  battery,  and 
not  from  a  dynamo,  especially  when  the  instrument  to  be  calibrated  is  an  el 
Iro-dyna  mo  meter. 

Sp«cVacation  B.—  T/ie  Vali. 

Definition  and  Propertiea  of  the  C«ll. — The  cell  has  for  Its  positive  cl( 
trode,  mercurj',  and  for  its  neg.'»tive  electrode,  amalgamated  zinc ;  the  elcctrol] 
consists  of  a  saturated  solution  of  zinc  sulphate  and  nicrcurous  sulphate.  T 
electro-motive  force  is  1.434  volts  at  15^  C ;  and  between  lO"  C.  and  20**  C., 
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the  [Krease  of  l^C.  in  temperature,  the  electro-motive  force  decreases  by  0.D011& 

oTarolt. 

1.  PrtparatioR  of  ihe  Mtnury.  —  To  secure  purity  11  should  be  first  treated 
nilhuid  in  the  usual  mauner,  and  :^ub:«equently  distilled  in  vacuo. 

2.  Pnparatian  of  iJu  ^tHC  Amaij^am.  — The  /.inc  designated  in  commerce  as 
"coaiitteraally  pure"  can  be  used  without  furtlier  preparation.  For  the  prcpa- 
ntkmof  the  amalxam  one  part  by  weight  of  linc  is  to  be  added  to  nine  (!') 
pvli  by  weight  of  mercury,  and  both  are  to  be  heated  in  a  porcelain  dish  at 
!*■■*  C,  with  moderate  stirring  until  the  zinc  has  been  fully  dissolved  in  the 
ncrcBry. 

S.  PrtparaiwH  of  the  Mercurous  Suiphaie.  —  Take  mercurous  sulphate,  pur- 
doxd  IS  pure,  mix  with  it  a  small  quantity  of  pure  mercury,  and  wash  the 
whole  thoroughly  with  cold  distilled  water  by  aj;ilalion  in  a  bottle;  drain  oS 
t^e«a(cr,  and  repeat  the  process  at  least  twice.  After  the  last  washing,  drain 
off  as  much  of  the  water  as  possible.  (For  further  details  of  purification,  see 
Note  A.) 

I.  htparalion  of  the  Zitu  Suiphaie  Solution.  —  Prepare  a  neutral  saturated 
wlaijooof  pure  re-cry  stall  ize<l  zinc  sulphate,  free  from  iron,  by  mixing  distilled 
«il«  ntlli  nearly  twice  its  weight  of  crystals  of  pure  zinc  sulphate,  and  adding 
tine  oxide  in  the  proportion  of  about  '2  per  cent  by  weight  of  the  zinc  sulphate 
oittali.  to  neutralize  any  free  acid.  The  crystals  should  be  dissolved  with  the 
ai"i  of  gentle  heat,  but  the  temperature  to  which  the  solution  is  raised  must  not 
"XKtA  .W  C.  Mercurous  sulphate,  treated  xi  described  in  3,  shall  be  added  tn 
the  proportion  of  about  Vi  per  cent  by  weight  of  the  zinc  sulphate  crystals, 
■q  iifiutnijize  the  free  zinc  oxide  retnainlng.  and  tlicti  the  solution  filtered,  while 
vi&  mam,  into  a  stock  bottle.    Cryatats  should  form  as  it  cools. 

S.  Preparation  of  the  Aferairous  Suiphaie  ami  Zinc  Suiphaie  Pasie.  —  For 
^ing  the  paste,  two  or  three  parts  by  weight  of  mercurous  sulph.-ile  are  to  be 
»itd«l  to  one  by  weight  ol  mercury.  If  the  sulphate  be  dr)',  it  is  to  be  mixed 
*tth  4  paste  consisting  of  zinc  sulphate  crystals  and  a  concentrated  zinc  sulphate 
i<iltuion,  so  that  the  whole  constitutes  a  stiff  mass,  which  is  permeated  through- 
oQlbj-zinc  sulphate  crystals  and  globules  of  mercur)-.  If  the  sulphate,  however, 
'* iMJiM,  only  zinc  sulphate  crystals  are  to  be  added;  care  must,  however,  be 
'*^il«t  these  occur  in  excess,  and  are  notdijisolved  after  continued  standing. 
Tlie  mercury  must  in  this  case  also  permeate  the  ixislc  in  IJlilc  globules.  U  is 
*d^DU|;eous  to  crush  the  zinc  sulphate  crystals  before  using,  since  the  paste  can 
'^'w  W  better  manipuUted. 

Teut  ap  tbe  Cell. — The  containing  gla.<tii  vessel. 
'^PtMiii'td  in  the  accompanying  figure,  t^liall  consist  of 
"">  limbs  closed  at  bottom  and  joined  above  to  a  com- 
**"  neck  6ucd  with  a  ground-glass  stopper.  The 
"*»«»  of  the  limbs  should  be  at  least  2  centimeters, 
^^  their  len|;lh  at  least  ^  centimeters.  The  neck 
inftild  be  not  less  than  1.5  centimeter,  in  diameter. 
At  the  bottom  of  each  limb  a  platinum  wire  of  about 
*^  inillimeter  diameter  is  sealed  through  the  glass. 

To  set  up  the  cell,  place  in  one  limb  pure  mercury, 

iti  IheoUier  hot  liquid  amalgam,  containing  90  parts 
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mercury  and  10  parts  zinc-  The  platinum  wires  at  the  bottom  mast  be  com- 
pletfly  covered  by  Oie  mercury  and  the  amalgam  respectively.  On  the  mer- 
cury place  a  layer  one  centimeter  thick  of  t)ic  zinc  and  mcrcurous  sulphate 
paste  described  io  h.  Bolli  this  paste  and  the  zinc  amaJji^am  mu;;!  then  be 
covered  with  a  la)xr  of  Ilie  noutrat  zinc  sulphate  crystals  one  centinxeter  thick. 
Tilt  whole  vessel  must  then  lie  iillrri  with  the  •vatnraled  /ii>c  sulphate  solution, 
and  Tlif  stopper  iuwrled  so  that  it  shall  just  touch  il.  leaving,  however,  *^| 
small  bubble  to  guard  against  breakage  when  the  tcmiKrr.iturc  rises.  ^B 

Uefore  finally  inserting  the  glass  stopper,  it  Is  to  be  bnished  round  its 
upper  edge  with  a  strong  alcoholic  solution  of  shellac,  and  pressed  firmly 
in  place.     (For  details  of  filling  the  cell,  see  Note  n.) 


NOTES    TO   THE    SPECIFICATIONS, 


J 


(A)  The  MercuroHi  Sulphate.  —  The  treatment  of  tlie  mercurous  sulphate 
has  for  its  object  the  removal  of  any  mercuric  sulphate,  which  is  often  present  as 

an  inijnuity.  ^| 

Mercuric  sulphate  decomposes  in  the  presence  of  water  into  an  acid  and  a^V 
basic  sulphate.    The  latter  ts  a  yellow  substance  —  turpeth  mineral  —  practi- 
cally insoluble  in  water;  its  presence,  at  any  rate  in  moderate  qiunlities,  has 
no  effect  on    the  cell.      If,  liomever,  it  be  formed,  the  acid   sulphate  is  also 
formed.     Thi.s  is  soluble  in  water,  and  the  acid  produced  affects  the  electro- ^H 
motive  force.     The  object  of  the  washings  is  to  dissolve  and  remove  this  acid  ^| 
sulphate,  and  for  this  pur))ose  the  three  washings  described  in  the  speciticalion 
will  suffice  in  nearly  all  ca-ies.     If,  however,  much  of  the  turpeth  mineral  be 
formt-d.  it  shows  that  there  is  a  great  deal  of  the  acid  sulphate  present;  and  it 
will  then  be  wiser  to  obtain  a  fresh  sample  of  mercurous  sulphate,  rather  than 
to  try  by  repeated  washings  to  get  rid  of  all  the  acid. 

The  free  mercury  helps  in  the  process  of  removing  the  acid;  for  the  acid 
mercuric  sulphate  attacks  it,  forming  mercurous  sulphate. 

Fure  mercurous  sulphate,  when  quite  free  frum  acid,  shows  on  repeated 
washing  a  faint  yellow  tinge,  which  is  due  to  the  formation  of  a  basic  mercu- 
rous .salt  distinct  from  the  turpeth  mineral,  or  basic  mercuric  sulphate.  The 
appe.-xrance  of  this  primrose-yellow  tint  may  be  taken  as  an  indication  that  all 
the  acid  has  been  removed ;  tlie  wasiiing  may  with  advantage  be  continued  until 
this  tint  appears. 

(B)  Fillint:  thf  dll-  —  After  thoroughly  cleaning  and  drying  the  glass  ves- 
sel, place  it  in  a  hot-water  bath.  Then  pass  through  the  neck  of  the  vessel  a 
thin  glass  tube,  reaching  to  the  bottom,  to  serve  for  the  introduction  of  the- 
amalgam.  This  tube  should  be  as  large  as  the  gla.ss  vessel  will  admit.  It' 
server  to  protect  the  upper  part  of  the  cell  from  being  soiled  with  the  amalgam. 
To  fill  in  the  amalgam,  a  clean  dropping-tube  about  ID  centimeters  long,  drawn 
out  to  a  fine  point,  slmuld  be  u«.ed.  Its  lower  end  is  hroiigJit  under  the  surface 
of  the  amalgam,  heated  in  a  porcelain  dish,  and  some  of  the  amalgam  is  drawn 
into  the  tube  by  means  of  the  rubber  Inilb.  The  point  is  then  quickly  cleaned  of 
dross  with  filler  paper,  and  is  passed  through  the  wider  tube  to  the  bottom,  and 
emptied  by  pressing  the  bulb.  The  point  of  the  tube  must  be  so  tine  that  the 
amalgam  will  come  out  only  on  squeezing  the  bulb.    This  process  is  repeated 
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until  the  Unib  contains  the  desired  quantity  of  the  amalgam.  The  vessel  is 
then  removed  from  the  water-bath.  After  cooling,  the  amalgam  must  adhere  to 
the  glass,  and  must  show  a  clean  surface  with  a  metallic  luster. 

For  insertion  of  the  mercury,  a  dropping-tube  with  a  long  stem  will  be 
found  convenient.  The  paste  may  be  poured  in  through  a  wide  tube  reaching 
nearly  down  to  the  mercury,  and  having  a  funnel-shaped  top.  If  the  paste  does 
not  move  down  freely,  it  may  be  pushed  down  with  a  small  glass  rod.  The 
paste  and  the  amalgam  are  then  both  covered  with  the  zinc  sulphate  crystals 
before  the  concentrated  zinc  sulphate  soludon  is  poured  in.  This  should  be 
added  through  a  small  funnel,  so  as  to  leave  the  neck  of  the  vessel  clean 
and  dry. 

For  convenience  and  security  in  handling,  the  cell  may  be  mounted  in  a 
suitable  case,  so  as  to  be  at  all  times  open  to  inspection. 

In  using  the  cell,  sudden  variations  of  temperature  should,  as  feras  possi- 
ble, be  avoided,  since  the  changes  in  electro-motive  force  lag  behind  those  of 
temperature. 

Respectfully  submitted. 

Henry  A^  Rowland, 

CAatf'MMN. 

Henry  L.  Abbot, 
George  F.  Barker, 
Charles  S.  Hastings, 
Albert  A.  Michelson, 
John  Trowbridge, 
Carl  Barus, 

At  a  meeting  of  the  National  Academy  of  Sciences,  held  in  New  York 
Feb.  9,  1895,  the  above  report  was  accepted  and  unanimously  adopted  by  the 
Academy. 

At  the  same  meeting  it  was  voted  by  the  National  Academy  of  Sciences  to 
prescribe  and  to  publish  the  specifications  of  details  necessary  for  the  practical 
applicaUon  of  the  definitions  of  the  ampere  and  volt,  as  required  by  the  law 
of  July  12,  1894. 

O.  C.  Marsh, 

Pr»tidtHl  of  tk*  National  Acadtmy  e/  ScUnctt. 

AsAPH  Hall, 

Hem*  Stcrtlary. 
UAGITBTIC  UIOTS. 

These  are  given  in  the  beginning  of  the  chapter  on  "  Princi- 
P'tt  and  Construction  of  the  Dynamo,"  where  they  may  be  more 
conveniently  and  concretely  considered. 

Miscellaneous  Units,  Standards,  and  Tenns  employed  in  the 
various  branches  of  the  subject  are  defined  or  explained  as  far  as 
possible  where  they  occur. 
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CHAPTER  IV. 


CI*AS8iriCATI0N    AND    SELECTION    OF    ELECTRIC-UOHTINO- 

STSTEJMS.  A 

Electric-lighting  classification,  like  that  of  almost  any  sub- 
ject, is  more  or  less  arbitrary,  and  is  adopted  merely  for  conven- 
ience. Considered  in  this  light,  classification  is  a  great  help ; 
but  we  should  carefully  avoid  the  common  mistake  of  forcing  it 
too  far  by  attempting  to  make  the  facts  fit  the  classification, 
instead  of  the  classification  fitting  the  facts. 

Electric-lighting  apparatus  may  be  classified  with  reference  tol 
various  considerations.  For  example,  It  may  be  classified  with 
reference  to  the  system  as  a  whole,  or  with  reference  to  some  of 
its  most  important  elements  or  characteristics. 

Central  Stations  and  Isolated  Plants.  —  Considered  as  a  whole, 
electric-lighting    systems    may    be    divided    into    two    importan^H 
classes,  —  central  stations  and  isolated  plants.     These  two  classcs^^ 
sometimes  merge  into  each  other,  and  peculiar  cases  might  occur 
which  would  be  on  the  dividing  line  ;  but  ordinarily  the  distinctioi^| 
between  the  two  is  radica],  and  introduces  considerable  differences 
in  design,  construction,  and  operation.     In  fact,  these  two  types 
of  plant  must  be  considered  as  quite  different  problems  in  elec- 
trical engineering,  and  usually  there  is  no  difficulty  in  distinguish'^^ 
ing  between  them.     A  central  station  electric-lighting  system   is 
usually  extensive  and  elaborate  technically,  and  quite  complicated 
and  difficult  in  its  business  management.     It  consists  of  a  largafl 
and  complete  collection  of  machinery  for  generating  and  control- 
ling the  electric  current.     This    gene  rat  ing-pIaiU  is  usually  con- 
tained  in   one   or   more   buildings    entirely   devoted    to   it,   and 
probably    specially  built    for    it.     The   central  station  is  usually 
owned    and    operated   by  a  company   having  no  other  business^ 
From  the  central  station  a  large  number  of  electrical  conducti>nij 
run   out    in   every   direction.     These   conductors  supply  electri< 
current  to  feed  lamps  for  many  different  purposes,  and  for  the] 
use  of  many  different  and  independent  customers  ;  and  a  separatej 
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measurement  or  estimate  of  current  and  charge  therefor  is  made 
in  the  case  of  each  customer. 

Isolated  electric-lighting  plants,  on  the  other  hand,  are  com- 
poatively  small  and  simple  in  construction  and  management. 
Thcj-  are  usually  entirely  local ;  that  is,  the  plant  supplies  current 
(or  lighting  a  single  building  or  group  of  buildings.  The  gener- 
ating plant  or  machinery  is  ordinarily  located  in  the  cellar,  or 
some  small  portion  of  the  building.  An  isolated  plant  usually 
supplies  current  only  to  its  owner  or  his  tenants,  and  Is  owned 
and  operated  by  a  private  individual,  company,  or  institution,  and 
conslitutes  only  a  small  and  incidental  part  of  its  affairs.  Light 
is  supplied  to  the  various  buildings,  or  parts  of  the  building, 
usaally  without  attempting  to  make  separate  measurements  or 
clmges,  which  eliminates  the  somewhat  troublesome  element  of 
aders,  and  greatly  simplifies  the  business  management. 

IncaodesceDt  and  Arc  Lighting.  —  Electric  lighting  may  also  be 
classified  with  reference  to  the  Imnps ;  that  is,  we  have  incan- 
descent-lighting and  arc-lighting  systems.  A  few  years  ago  it 
could  have  been  said  that  incandescent  systems  were  operated  at 
coQsiant  potential,  that  is,  constant  voltage,  the  lamps  being  con- 
iHtcii  to  the  circuit  in  parallel  ;  and  it  could  have  been  said  that 
*ft  systems  were  almost  invariably  supplied  with  a  constant  cur- 
'oit,  that  is,  one  having  a  fixed  number  of  amperes,  the  lamps 
^ng  arranged  in  series.  This  distinction  still  holds  good  to  a 
f^rtjun  extent;  but  about  the  year  1890  there  began  a  general 
Introduction  of  arc  lamps  on  incandescent  circuits  with  constant- 
Poieniial  current.  These  lamps  possess  the  advantage  over  the 
^'^inarj'  constant-current  lamps  that  the  current  is  of  low  poten- 
''*';  that  is,  only  about  one  or  two  hundred  volts  instead  of  two 
*°  fivt  thousand  volts,  which  arc  usually  employed  on  constant- 
•^"Teni  arc  circuits.  On  the  other  hand  incandescent  lamps  are 
*^"iet;mes  operated  on  the  constant-current  circuit,  being  called 

•Cs-iticandcscent  lamps ;  but  tliesc  arc  much  less  common  than 
^  constant- potential  type.  They  are  used  chiefly  for  street  light- 
's on  what  is  called  the   "  municipal  system."     (Vol.  II,  p.  26.) 

*Lhc  advantages  of  incandescent  electric  lighting  arc: — 

The  fact  tliat  lamps  of  any  desired  size  from  one  candle-power 
nfty  or  one  hundred  can  be  had  and  easily  substituted  one  for 
*  otlicr.      The'  light  is  steady  and  agreeable  in  quality,  being  in 


80 


ELECTRtC  LIGHTING. 


I 


those  respects  better  than  a  very  good  gas  light  It  is  practically 
free  from  danger  of  setting  fire  even  to  the  most  inflammable 
material.  The  lamps  can  be  put  in  almost  any  place  or  position. 
The  wires  required  to  feed  an  incandescent  lamp  are  small,  and 
can  be  easily  placed  in  fixtures,  mouldings,  etc.^  and  thus  co 
cealed. 

The  arc  light,  on  the  other  hand,  has  the  advantage  of  being 
simpler  and  cheaper  to  install,  particularly  in  regard  to  wiring ; 
and  it  gives  more  light  for  a  given  amount  of  electrical  ener 
than  an  incandescent  lamp.     The  ordinary  arc  lamp,  including' 
open,  inclosed,  direct  and   alternating   current  types,  consumes 
about  450  or  500  watts  and  gives  about  200to40ii  candle-power. 
This  is  at  the  rate  of  about  1.5  to  2.5  watts  per  candle-power. 
The  ordinary  incandescent  lamp  requires  110  volts  and  .45  am- 
pere, or  about  .^O  watts,  and  gives  10  candle-power.     This  is  at 
the  rate  of  about  3. 1  watts  per  candle-power.     Therefore  the  arc 
lamp  gives  about    1.25  to   2   times  as  much  light  for  the  same 
amount  of  electric  power.      To  offset  this  advantage,   however, 
the  arc  lamp  is  quite  limited  in  the  range  of  its  candte*power ; 
that  is  to  say,  to  obtain  good  results,  an  open    arc    requires  afl 
minimum  of  about  40  volts  and  8  amperes  in  order  to  \vork  well. 
If  it  is  attempted  to  make  an  arc  lamp  very  much  smaller  than 
this  in  power,  it  is  apt  to  be  unsteady  and  liablc^to  go  out  entirely; 
and  the  same  limitation  applies  generally  to  all  arc  lamps.      It  tafl 
possible  to  make    arc    lamps    of  greater  candle-power  than  the  ™ 
ordinary,  to  almost  any  extent,  even  as  high  as  several  hundred     . 
thousand  candle-power;  but  such  lamps  are  only  used  for  special fl 
purjjoses,  such  as  search  lights.    Hence  the  arc  lamp  is  not  suited 
to  places  where  small  amounts  of  light  are  required,  or  where  a 
uniform  distribution  of  light  is  wanted. 

In  some  cases  arc  lamps  have  been  arranged  to  throw  all  their 
light  upward  against  a  whitened  ceiling.  In  this  way  the  direct 
light  of  the  arc  is  not  visible,  and  the  indirect  illumination 
obtained  is  much  softer  and  more  distributed.  This  arrangement,  ■ 
called  the  "inverted  arc,"  has  been  quite  successful  in  several 
places,  and  makes  the  arc  lamp  applicable  where  the  incandescent 
lamp  is  ordinarily  used,  but  is  not  very  efficient. 

The  arc  light  is  often  objectionable  because  its  great  intensity 
and  the  glaring  quality  of  its  light  arc  disagreeable,  or  even 
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actually  injurious,  to  the  eye,  unless  it  is  shaded  by  porcelain  or 
ground  glass,  which  absorbs  about  half  the  light,  and  sacrifices  a 
large  part  of  the  power  and  economy.  The  color  of  the  light, 
however,  is  almost  pure  white,  and  closely  resembles  sunlight  in 
its  quality,  and  is,  therefore,  sometimes  desirable  in  shops,  facto- 
ries, etc,  where  colors  are  to  be  brought  out  in  their  true  relations, 
or  photographic  operations  are  carried  on.  In  a  general  way  it 
can  be  said  that  incandescent  lamps  are  suited  to  interior  light- 
ing and  to  comparatively  small  spaces,  whereas  arc  lamps  are  ^ 
ad<^)ted  to  outdoor  lighting  or  to  large  spaces,  such  as  railway 
stations,  etc. 

The  arc  light  is  often  used  for  temporary  illumination  where 
work  is  being  done  in  excavations,  buildings,  etc.,  at  night.  Its 
advantages  in  these  cases  are  its  great  power,  and  the  simplicity 
of  wiring  needed.  The  engines  and  dynamos  employed  for  arc 
lighting  do  not  require  to  regulate  so  perfectly  as  for  incandes- 
cent  lighting;  and  this  is  also  an  advantage  for  temporary  instal- 
lations, since  it  avoids  the  necessity  for  very  fine  machinery,  or 
careful  setting  and  adjustment  of  the  same. 

Alternating  and  Direct  Currents. — The  third  classification  of 
electric-lighting  systems  is  in  respect  to  current;  and  we  have 
liirect-current  and  alternating-current  systems,  the  direct  current 
Iwing  one  which  flows  in  one  direction  only,  and  the  alternating 
^ing  a  rapidly  reversed  current.  The  following  table  shows  the 
various  direct  and  alternating  current  systems  that  are  employed. 

'  DToanios  alone. 
DiUct  Djmamos  and  auxiliary  secondary  battery. 

Cuuemt  Dynamos  and  dynamotors. 

Primary  batteries. 


Alternating 
Cubrknt. 


'  Alternators  alone. 
Alternators  and  transformers. 

Alternators  and  "step^up"  and  '■  step-down  "  transformera. 
Alternators  with  "  step-down  "  transformers  and  rotary  converters- 


The  general  advantages  of  the  direct-current  system  are :  — 
The  potential  or  voltage  is  low.  This  applies,  however,  to 
incandescent  and  constant  potential  arc  lamps,  and  not  to  con- 
stant current  arc  lamps.  The  direct  current  also  possesses  the 
^Vantage  that  motors  of  any  desired  size  can  be  connected  to 
'^^  circuit  and  operated  very  satisfactorily.     Direct  currents  are 
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also  suited  to  electroplating  or  other  clcctrometallurgical  or 
electrochemical  purposes,  and  storage  batteries  can  be  used  with 
them.  Direct  currents  are  also  largely  free  from  peculiar  actions 
and  losses  due  to  self-induction  and  electrostatic  capacity,  which 
may  occur  in  the  case  of  alternating  currents.  The  great  advan- 
tage of  the  alternating  current  is  due  to  the  fact  that  it  can  be 
generated  at  a  high  potential,  usually  1100  or  '2200  volts,  and 
transmitted  a  considerable  distance  over  a  comparatively  small 
wire  without  serious  loss.  This  economy  in  the  size  of  wire  re- 
quired is  due  to  the  fact  that,  since  the  potential  in  volts  is  high, 
the  current  in  amperes,  and  therefore  the  cross-section  of  the  wire 
needed,  are  small.  When  a  point  where  lights  are  to  be  run 
is  reached,  the  voltage  is  brought  down  by  means  of  transformers 
to.  say,  104  or  208  volts,  and  wires  may  be  run  about  a  house,  for 
example,  and  carry  this  low-tension  current,  which  has  thus  been 
made  harmless.  This  ability  to  transform  the  alternating  current 
from  one  voltage  to  another,  as  desired,  by  means  of  simple 
induction  coils  having  no  moving  parts,  is  the  great  advantage 
to  which  the  alternating  current  almost  entirely  owes  its  impor- 
tance. The  alternating  current  also  has  the  advantage  of  requir- 
ing no  commutator  on  the  dynamo  which  generates  it,  two  simple 
collecting  rings  being  sufficient  ;  but  a  separate  machine  or  wind 
ing  is  required  to  furnish  a  direct  current  to  excite  the  field 
magnet,  and  this  involves  a  commutator. 

The  alternating  current  can  also  be  regulated  by  means  of  the 
counter  electromotive  force  of  a  "choke  coil,"  which  shuts  off  the 
current  without  wasting  so  much  energy  as  the  simple  resistance 
coils  used  to  control  direct  currents.  Storage  batteries  cannot, 
however,  be  used  with  the  alternating  current.  The  relative 
merits  and  economy  of  the  direct  and  alternating  current  systems 
have  given  rise  to  more  discussion  than  any  other  subject  in 
electrical  engineering;  and  the  question  is  still  an  unsettled  one, 
even  the  most  competent  authorities  not  being  agreed  upon  the 
matter.  This  problem  involves  a  great  many  fine  points,  andfl 
would  depend  upon  the  conditions  in  each  particular  case.  It  is 
discussed  more  fully  later  in  its  bearing  upon  the  problem  of 
selecting  a  system  in  a  given  case.  In  this  connection  it  is  one 
of  the  most  important  questions  which  an  electrical  engineer 
is  called  upon  to  decide. 
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High  and  Low  Potential.  —  The  fourth  and  last  classification 
of  electric-lighting  systems  is  with  reference  to  the  use  of  "  high- 
tension  "  and  "  low-tension  "  currents.      The  term  tension,  how- 
em,  is  old-fashioned,  and  was  formerly  employed  to  designate 
what  wc  now  call  potential  or  voltage.     It  is  impossible  to  exactly 
define  what  constitutes  a  high-tension  system,  since  much  depends 
Dpon  the  circumstances  and  the  point  of  view.     If  we  look  upon 
liw  question  in  its  relation  to  fire  risk  or  insurance,  we  find  that 
"  any  circuit,  attached  to  any  machine  or  combination  of  machines, 
which  develops  a  difference  of  potential,  between  any  two  wires, 
of  wer  10  volts  and  less  than  550  volts  shall  be  considered  as 
alow-potential   circuit."     This  statement  is   quoted    from    the 
"National  Electrical  Code,"  which  has  been  generally  aduptcd 
b>'the  fire  insurance  authorities  throughout  the  United  States  and 
Canada,  being  given  in  full  in  Appendi--^  I  of  Volume  II. 

Potentials  of  less  than  10  volts  are  not  used  for  electric  light 
Of  power  except  with  small  portable  lamps  or  motors,  and  in 
most  cases  the  voltage  is  above  100.  Circuits  that  operate  at  10 
volts  or  less  are  confined  almost  entirely  to  telegraphy,  teleph- 
ony, or  signalling,  and  are  not  considered  dangerous,  but  tlie 
Code  contains  special  rules  applicable  to  them,  the  principal 
**icct  being  to  protect  such  circuits  from  the  high  voltages  carried 
''y  other  wires.  This  class  of  circuits,  especially  in  telegraphy, 
often  employs  voltages  considerably  higher,  but  the  current  is 
"^^  small  and  is  not  of  itself  likely  to  cause  any  damage. 

A  high-potential  system  is  one  in  which  the  voltage  between 
*">'  ^vo  wires  is  "over  550  volts  and  less  than  3500  volts," 
^cording  to  the  National  Electrical  Code.  These  figures  are 
^"ictimes  modified  locally.  The  rules  of  the  Department  of 
"^cr  Supply,  Gas,  and  Electricity  in  New  York  City,  for  exam- 
P'«.  give  300  and  3000  volts  a.s  the  limits  of  a  high-potential  sys- 
tKn.  Xhis  question  is  important  because  insurance  and  municipal 
■"uIm  must  be  obeyed,  and  the  wiring  and  other  construction 
'"'^luired  is  quite  dilTercnt  for  high-  and  low -potential  systems. 

An  extra-high -potential  system  is  defined  by  the  National 
*^*ctrical  Code  to  be  one  "  which  develops  a  dilTcrcncc  of  poten- 
^*1.  between  any  two  wires,  of  over  3500  volts."  It  is  not 
^'iowablc  to  bring  it  into  buildings  except  power  or  sub-stations, 
""less  the  pressure  is  transformed  down  to  3500  vo\te  ot  \fsa. 
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While  these  rules  apply  principally  to  fire  hazard,  the  comparative 
danger  to  life  may  be  rated  by  the  same  limits  of  voltage. 

The  Selection  of  a  System.  —  The  classification  given  in  the 
preceding  pages  may  be  tabulated  in  the  fcjllowing  form,  from 
which  the  choice  of  an  clL-ctric-lighting  system  must  be  made; 


CLASS8S. 


Central  Stations. 


IsOLATCu  Plants. 


2. 


SVSTBMb. 

\  IncHndesccDt. 

LVrc. 

(  Direct. 

\  Alternating. 

(  Higli -tens ion. 

(  Luw- tens  ion. 


The  actual  selection  of  a  certain  system  and  type  of  apparatus 
for  a  particular  case  depends,  of  course,  largely  upon  the  pecu- 
liar circumstances  that  may  exist,  and  the  greatest  care  should  be 
exercised  in  taking  into  consideration  the  local  conditions  which^ 
Father  than  general  principles,  usually  determine  the  success  oiB 
failure  of  an  electric -lighting  plant.  The  safest  guide  is,  of 
course,  experietice ;  and  the  engineer,  if  he  does  not  himself  pos*j 
sess  the  experience,  should,  if  possible,  find  some  case  where  th< 
conditions  resemble  those  with  which  he  has  to  deal.  By  a  can 
ful  study  of  the  results  obtained  in  the  ca,se  selected  as  an 
example,  one  can  often  get  the  benefit  of  much  experience  which, 
will  save  time  and  trouble,  eliminate  mistakes,  and  secure  resull 
that  would  not  otherwise  be  passible. 

It  is  fouIi.sh  for  an  engineer  to  launch  out  without  regard  U 
the  experience  obtained  by  others  at  great  cost  in  similar  cases,^ 
on  account  of  conceit  or  false  pride,  which  makes  him  unwilling 
to  profit  by  results  already  obtained.  Many  a  partial  or  total 
failure  would  have  been  prevented  by  a  little  more  carefulness 
and  common-sense  in  this  direction.  It  is  almost  always  a  mis-H 
take  for  an  engineer  to  employ  some  untried  method  or  apparatus 
solely  upon  his  own  knowledge  and  responsibility,  unless  it  is. 
absolutely  necessary,  or  unless  those  who  have  to  pay  for  the] 
experiment  understand  the  facts  of  the  case ;  and  when  Che  engi- 
neer goes  so  far  as  to  try  his  own  inventions  (in  regard  to  which 
he  is,  of  course,  prejudiced),  at  the  expense  of  others,  it  is  posi- 
tively dishonest.  A  certain  amount  of  experiment  and  novelty  it  j 
a  necessary  element  of  each  engineering  problem,  and  this  con-: 
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tributes  to  general  improvement  and  progress ;  but  experiments 
should  usually  be  tried  as  such,  and  all  persons  interested  should 
realize  that  one  is  being  tried :  in  fact,  the  proper  place  for 
engineering  experiments  is  in  the  experimental  department  of 
some  company  or  institution.  Nothing  is  more  important  or 
interesting  than  experiment,  and  the  world  would  stand  still  with- 
out it ;  but  in  practical  and  regular  work  it  is  usually  found  that 
the  simplest,  most  standard,  and  well-tried  devices  give  by  far 
the  most  satisfactory  results.  Radical  and  sensational  departures 
from  established  practice  are  usually  the  cause  of  regret  to  all 
concerned. 

Tlic  Size  of  Plant.  —  This  the  engineer  must  definitely  know 
before  making  any  exact  plans  or  calculations.  It  is  usually 
ascertained  in  terms  of  the  number  and  distances  of  lamps  that 
will  be  required,  by  making  a  thorough  canvass  of  the  city  or 
town,  or  that  portion  of  it  which  it  is  intended  to  light.  The 
probable  number  of  lamps  which  the  station  will  supply  when  it 
first  starts  up,  and  what  the  number  is  likely  to  become  afterward, 
are  matters  upon  which  the  entire  design  and  construction  of  the 
station  depend. 

Let  us  consider  the  simplest  case  first,  and  assume  that  the 
plant  to  be  installed  is  an  isolated  one  for  lighting  one  building 
or  group  of  buildings.  In  this  case  there  is  little  or  no  uncer- 
t^ty;  and  the  direct-current,  constant-potential  system  at  about 
110  or  220  volts  would  naturally  be  selected.  Since  the  distances 
*nd  lengths  of  wire  required  would  be  small,  there  would  be  no  reason 
'or  using  a  high-tension  system.  Formerly  the  latter  had  lo  be 
introduced  if  arc  lamps  were  used,  but  since  1890  many  successful 
fonns  have  been  developed  for  operation  on  the  low- voltage,  constant- 
potential  circuit.  The  fact  that  motors  work  so  well  on  the  latter, 
^id  that  the  Nemst,  Hewitt,  and  other  newer  types  of  lamp  are  also 
^pted  to  it,  has  greatly  extended  the  scope  of  this  system. 

This  possibility  of  running  both  arc  and  incandescent  lamps 
**  the  same  circuit  avoids  the  necessity  of  putting  in  special 
"instant-current  machines  to  run  the  arc  lamps,  which  was  for- 
"*ly  done  even  in  the  case  of  isolated  plants,  and  involved 
^considerable  extra  first  cost  and  much  more  trouble  in  running 
*»«  plant     Arc  lamps  operated  in  this  way  on  a  low-tension  cir- 
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cuit  are  limited  in  regard  to  distance  from  the  generator,  as  in 
case  of  low-tension  incandescent  lamps;  but  it  has  occurrrd  to  the 
author  that  since  a  certain  amount  of  resistance  is  needed  in  series 
with  constant -potential  arc  lamps,  it  is  possible  to  use  the  wires 
leading  to  the  lamp  for  that  resistance,  ihcrcby  avoiding  a  special 
resistance  in  the  lamp,  and  permitting  the  lamp  to  be  pUicc-d  at  a 
considerable  distance  fmm  the  generator.         *  ■ 

The  single- phase  alternating  current  is  rarely  used  without 
transformers  for  low-potential  ser\'ice.  In  almost  all  cases  It  has 
been  generated  at  about  1,000  or  2,000  volts  lo  be  transmitted 
several  miles  and  locally  transformed  lo  about  100  or  200  volLs  for 
electric  lighting.  Its  advantage  lies  in  the  economy  of  copper  secured 
by  high  pressure.  This  system  is  obviously  unsuilcd  to  isolatt'd 
plants  where  the  disliinces  are  .shorty  as  in  a  single  building  or 
gnmp  of  buildings.  The  conductors  would  cost  practically  the  same 
as  for  a  low-potential  installation,  ami  the  trsmsformers  involve 
extra  expense,  trouble,  and  danger.  It  is  |x)ssihlc  to  generate  single- 
phase  currents  at  110  or  220  volLs  and  supply  lamps  without  trans- 
formers iLs  in  the  ordinan.'  direct-current  system.  Tliis,  however,  has 
been  unusual,  chiefly  because  the  single-phase  current  is  not  well 
adapted  to  the  operation  of  motors,  in  most  cases  power  as  well  as 
light  being  dcsircfl.  ■ 

The  two-phase  and  thrcc-phasc  currents  arc  generally  employed" 
for  the  long-distance  transmission  of  power  at  high  potential  and 
with   transformers.    They   are   also   used   in   many   low-potcnlii 
isolated  plants  where  power  is  the  chief  consideration,  the  polyphas 
induction  or  even  synchronous  motors  being  successful  machines.^ 
For  isolated  plants  in  which  lighting  is  the  principal  ser\ncc  thi 
direct  current  at  110  or  220  volts  is  almost  universal.     Motors  can 
aLv)  be  operated   exceedingly   well  and  storage  batteries  used   in 
connection  with   it.     For    these    reasons  this  system  is  also  widely 
adopted  for  isolated  jwwer  plants,  especially  for  variable  speed.        ■ 

Central  Stations. —  WTien  isolated  plants  become  very  large,  as, 
for  example,  in  the  case  of  a  number  of  factories  or  other  build- 
ings scattered  along  some  distance  apart,  it  then  becomes  practi<< 
cally  the  same  question  as  selecting  a  system  for  a  central  station,] 
there  being,  as  already  stated  in  llie  beginning  of  this  chapter, 
no  absolute  dividing  line  between  the  two.  The  selection  of  the 
hesl  system  for  a  central  station  is  the  most  serious  problem  thai 
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the  electrical  engineer  is  called  upon  to  solve,  and  having  once 
dedded,  it  is  almost  impossible  to  change.  If  the  business  of  the 
station  is  to  be  confined  to  arc  lighting  for  streets,  the  constant- 
cunent  series  arc  system  would  naturally  be  adopted.  In  such  a 
case  there  would  formerly  have  been  little  question,  but  Fifth  Avenue 
in  New  York  City  is  now  lighted  by  arc  lamps  on  the  low-tension 
{230  volt,  3  wire)  s;Mtem;  and  the  alternating  current  is  used  in 
many  places  for  supplying  arc  lamps  by  means  of  transformers,  the 
primary  circuits  of  which  are  connected  in  parallel  as  usual,  but  the 
secondari^  give  a  constant  current,  each  feeding  from  25  to  100 
lamps  in  series.  This  system  has  the  advantage  that  one  generator 
can  supply  many  circuits,  whereas  the  direct-current  series  arcs 
require  a  separate  machine  (Chap.  XVIII.)  for  each  circuit,..  Eurther- 
inore,  the  same  current  can  be  used  to  feed  incandescent  "iKmps  and 
motors  through  constant-potential  transformers.  ».-('" 

If  the  average  distances  of  the  lamps  from  the  station  are 
not  very  great,  the  low-tension  direct-current  system  is  very  satis- 
factory for  arc  lamps,  particularly  if  incandescent  lamps  arc  also 
supplied.  But  a  large  station  usually  does  a  general  business, 
including  arc  and  incandescent  lighting  and  power  distribution  to 
various  distances  from  the  station  ;  and  the  problem  then  becomes 
ver)-  complicated. 

Alternating  vs.  Direct  Current.  —  This  brings  us  face  to  face 
*ith  the  much-discussed  question  of  high-tension  alternating  ver- 
Jw  low-tension  direct  current,  concerning  which  there  are  radical 
differences  of  opinion  among  the  best  authorities.     In  both  Amer- 
ica and  Europe,  the  greater  number  of  incandescent  lamps  are 
now  operated  by  the   low-tension    direct-current   system ;    hence 
custom  sanctions  its  use.     But  allowance  should  be  made  for  the 
i3ct  that  the  alternating  current  has  not  been  so  long  in  general 
t^se.    The  only  reason  for  adopting  high-voltage  alternating    or 
<^fier  currents  in  electric  lighting  is  to  reduce  the  cost  of  the 
conductors  required.     The  cross-section  of  wire  needed  to  convey 
3  given  amount  of  electrical   power   in  watts,  with  a  given  per- 
centage of  "drop,"  or  loss  of  potential  in  volts,  is  inversely  pro- 
portional to  the  square  of  the  E.M.F.  employed.     In  other  words, 
t.  requires    a  wire   of  only    one-quarter  of  the  cross-section  and 
weight,  if  the  voltage  be  made  twice  as  great  ;  hence  the  great 
economy  in  conductors  secured  by  the  use  of  high-tension  cuTTei\X.s. 
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This  advantage  can  be  realized  either  in  saving  the  weight  of 
wire  required,  or  in  transmitting  the  current  to  a  great  distance 
with  the  same  weight  of  copper. 

In  comparing  and  deciding  between  the  alternating-  ana  tne 
direct-current  systems,  there  is  a  tendency  to  think  only  of  the 
cost  of  the  copper  conductors,  and  to  forget  the  cost  of  trans- 
formers, greater  complication,  and  positive  drnger  to  human  life, 
all  of  which  ought  to  be  counted  against  the  high-tension  alterna- 
ting system.  Furthermore,  an  electric-light  plant  usually  runs  a 
large  part  of  the  time  lightly  loaded  ;  and  during  all  that  time  the 
alternating  system  is  much  more  wasteful  of  energy  than  the 
direct ;  because  in  the  former  case  the  leakage  current  is  always 
flowing  in  the  transformers,  whereas,  in  a  direct-current  system 
the  loss  of  energy  in  the  distribution  system  is  extremely  small  at 
light  load,  since  it  varies  as  the  square  of  the  current.  If  the  dis- 
tances of  the  lamps  are  very  great,  —  several  miles,  for  example, 
—  then,  however,  there  is  little  or  no  question,  and  an  alternating- 
current  system  with  transformers  would  almost  necessarily  be 
adopted.  Formerly,  in  this  country,  the  potential  was  almost 
always  1,000  volts;  but  now  2,000  volts,  or  more,  are  generally 
used,  which  still  further  extends  the  distance  at  which  lamps  can 
be  economically  operated.  By  the  use  of  potentials  of  20,000  to 
60,000  volts,  or  even  higher  pressures,  obtained  by  "step-up"  trans- 
formers, the  possible  distance  may  become  20  to  100  miles  or  almost 
any  distance,  the  chief  limitation  being  the  question  of  economy. 
If,  on  the  other  hand,  the  population  is  fairly  large  and  dense,  so 
that  a  sufficient  number  of  customers  can  be  found  within  about 
IJ  mile  of  the  station,  then,  for  the  reasons  stated  above,  a  low- 
tension  direct  system  is  usually  more  satisfactory. 

The  limit  of  distance  at  which  the  alternating  system  is  pref- 
erable to  the  direct  canuiit  be  tixeti  exactly,  since  it  depends  upon 
so  many  factors,  one  of  which,  for  example,  is  the  value  of  human 
life.  lYof.  J,  A.  l-'leminj;;  states  that  the  economical  limits  are 
reacheil  in  the  two-wire  ilirect-curront  system  (about  110  volts) 
"  when  the  moan  lenjjth  nt"  the  fooilors  is  some  300  or  -400  yards ; " 
Lind  in  tlie  thrtv-wiic  system  (about  '2:20  volts)  "when  the  mean 
lenjilh  of  the  fceilcis  is  from  h.ilf  to  three-quarters  of  a  mile" 
( /'//r*  AlteriMtiu^  Cuttrnt  l'ransh''*iue>\  vol.  ii.,  p.  337).  With  a 
mean  length  ol  fecdiM  of  j  niile,  l.unps  can  bo  fed  at  a  distance 
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of  IJ  mile  from  the  station,  which  makes  it  possible  to  supply 
a  circular  district  three  miles  in  diameter,  if  the  station  is  at  the 
center;  if  it  is  not  at  the  center,  the  available  district  will  be  cor- 
respondingly smaller.  Other  parts  of  the  city  can  be  lighted  by 
other  central  stations,  or  by  sub-stations.  By  operating  the  three- 
wire  system  with  220-volt  lamps,  a  total  pressure  of  440  volts  is 
obtained  and  twice  the  distance  may  be  reached  with  the  same 
power,  weight  of  copper,  a,nd  percentage  of  drop  in  voltage.  For 
the  same  distance  the  weight  of  copper  is  only  one-quarter  as  great, 
as  slated  on  page  43.  It  is  also  prossible  by  certain  other  methods 
to  extend  considerably  the  economical  limit  of  distance.  One  plan 
is  to  generate  a  higher  electrical  pressure  at  the  station,  to  supply 
those  lamps  which  are  remote;  that  is,  the  feeders  running  to  the  most 
distant  parts  of  the  district  are  operated  at  a  higher  voltage  than  the 
others.  This  higher  pressure  is  produced  by  special  dynamos,  or, 
more  conveniently,  by  small  auxiliary  dynamos,  called  "  b(x>sters," 
which  raise  the  voltage  in  certain  feeders.  These  various  arrange- 
ments are  described  in  Chapters  III.  and  IV.  of  Volume  II. 

A  method  adopted  in  many  of  the  largest  and  most  modern 
electric-Ught  and  power  (including  electric-railway)  systems  com- 
bines the  advantages  of  high-potential  alternating-current  trans- 
mission and  low-potential  direct-current  distribution.  Three- 
phase  currents,  usually  at  6,600  volts,  are  produced  directly  by  the 
generators,  no  step-up  transformers  being  required.  This  energy 
is  carried  in  most  cases  by  underground,  three-conductor  cables 
to  sub-stations  where  it  is  stepped  down  by  transformers  to  six- 
phase  currents  at  about  165  volts.  Rotary  converters  change  this 
energ)'  into  direct  current  at  about  270  volts,  which  is  fed  to  the 
outside  conductors  of  the  three-wire  system  that  supplies  the  lamps, 
motors,  etc.  A  drop  of  40  or  50  volts  is  allowed  on  the  feeders, 
mains, and  wiring,  so  that  220  or  230  volts  are  actually  delivered; 
'^t  is,  110  or  115  volts  on  each  side  of  the  three-wire  system. 

Many  large  as  well  as  small  electric-light  and  power  corporations 
use  two-  or  three-phase  currents  without  conversion  to  direct  current. 

With  high  voltage  and  transformers  almost  any  distance  may  be 
"ached.  On  the  other  hand  storage  batteries  or  other  electrolytic 
apparatus  catmot  be  operated  and  variable  speed  motors  do  not 
*'ork  as  well.  These  various  methods  of  distribution  are  described 
iD  Chapter  X.  of  Volume  II. 
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CHAPTER   V. 

THB  LOCATION  AND   GENERAL   ARRANGEMUKT   OF 
BLECmUC-UGBTINO    PLANTS. 

To  detemine  the  location  of  an  electric-lighting  plant  is  often 
a  matter  of  great  difficulty,  owing  to  the  fact  that  so  many  con- 
siderations are  involved,  the  most  prominent  of  which  arc  the 
following :  — 

1.  Kind  of  power  used  (water  or  steam). 

2.  State  and  municipal  laws  and  insurance  rules  and  rates. 

8.  Size,  form,  and  character  of  the  district  and  distribution  of 

lamps  to  be  lighted. 

4.  Cost  of  ground  space. 

6.  Room  for  extension. 

6.  Convenience  of  coal  supply. 

7.  Convenience  of  water  supply  for  boilers  and  condensers. 

8.  Possibility  of  obtaining  good  foundations. 

9.  Possibility  of  obtaining  good  chimney  draught. 

The  kimi  of  puxocr  adopted  may  absolutely  detennine  the  loca- 
tion of  a  plant,  when^  for  example,  a  certain  water  power  is  to  be 
employed  that  is  only  available  at  a  certain  point.  In  fact,  if  a 
water  power  of  proper  amount,  reliability,  and  proximity  exists,  it 
would  naturally  be  used  wherever  electric  lighting  is  required,  and 
the  general ing-plant  would  be  put  close  to  it. 

If  steam  power  be  adopted,  the  location  of  the  plant  is  not  so 
limital ;  but  even  in  that  case  it  is  necessary  to  carefully  consider 
question  of  coal  and  water  supply,  which  will  be  discussed  under 
those  headings. 

State  ami  mutiicipal  laws^  iusurance  rules  and  rates  in 
some  cases  determine  or  affect  the  location  of  the  station.  For 
example,  if  a  high-tension  current  were  forbidden  by  law,  then 
it  would  be  necessary  to  locate  the  station  in  or  near  the  district 
to  be  lighted.  On  the  other  hand,  if  it  were  not  permissible  to 
locate  a  station  in  a  city  on  account  of  objection  to  smoke  or 
vibration,  then  the  station  would  have  to  be  put  outside  of  the 
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city  limits,  and  a  high-tension  transformer  system  employed. 
These  matters  depend  entirely  upon  local  law  and  custom,  and  no 
general  rules  can  be  laid  down.  Ordinarily,  however,  one  is 
permitted  to  locate  a  station  within  the  city  if  he  desires  to  do 
so.  But  it  is  well  to  choose  a  site  surrounded  by  factories, 
stables,  etc.,  the  owners  or  occupants  of  which  are  not  likely  to 
claim  damages  for  smoke  or  vibration  nuisance.  A  station  situ- 
ated among  fine  residences,  for  example,  would  almost  certainly 
have  serious  trouble  on  this  account,  and  a  little  discretion  in 
this  matter  might  save  much  annoyance  and  litigation. 

The  size^form,  and  character  of  the  district  to  be  lighted  is  to 
be  determined  by  general  circumstances,  verified  by  a  careful 
study  and  canvass  to  ascertain  as  definitely  as  possible  the  loca- 
tion and  number  of  lights  likely  to  be  required,  and  the  purposes 
for  which  they  are  to  be  used. 

It  is  well  to  make  an  accurate  map  or  plan  showing  these 
facts,  which  would  be  useful,  not  only  in  locating  the  station, 
but  also  in  determining  the  amount  of  apparatus,  conductors,  etc., 
required  ;  also  in  making  financial  calculations.  The  purpose  for 
which  lamps  are  used  is  important,  since  it  indicates  when  and 
for  how  long  they  will  be  lighted.  For  example,  butcher  and 
dry-goods  shops  usually  close  early  in  the  evening,  whereas 
restaurants  and  saloons  are  open  late.  Professor  E.  P.  Roberts 
has  gone  into  this  matter  in  detail,  and  tabulated  what  may  be 
expected  of  different  kinds  of  customers,*  By  adding  up  in  this 
way  the  total  number  of  Hghts  that  will  probably  be  burning  each 
hour  of  the  day  and  night,  it  is  possible  to  predetermine  the  load 
diagram  or  curve  showing  the  current  used  at  each  hour,  which 
would  be  of  the  greatest  value  in  designing  the  plant.  A  certain 
amount  of  selection  can  be  made  in  regard  to  the  location  and 
business  of  the  customers,  in  order  to  improve  the  form  of  the  dis- 
trict or  the  load  diagram  ;  but,  of  course,  a  company  usually  takes 
all  the  business  that  is  obtainable,  particularly  in  the  beginning. 

Mr.  Hordern,  in  London  Lightning  of  April  14,  1894,  gives 
diagrams  for  the  different  classes  of  customers  of  the  Westmin- 
ster station,  which  show,  however,  that  in  practice  it  is  very 
difficult  to  forecast  a  new  customer's  bill. 

•  "The  Design  o(  a  Central  Station  for  Incandescent  Lights."  Electrical  IVorW, 
N.V.,  March  25  and  April  22,  Ism. 


Having  ascertained  or  estimated  the  number  and  distribt 
of  the  lamps,  and,  therefore,  the  size  and  form  of  the  disi 
the  next  step  would  naturally  be  the  determination  of  the  < 
location  of  the  statiun.  ^H 

This  order  of  procedure  might,  however,  be  reversed,  as 
location  ol  the  station  may  be  fixed  by  certain  local  circumstar 
and  then  the  size  and  form  of  the  district  to  be  lighted  woult 
determined  by  the  position  of  the  station.  In  either  case 
ideal  arrangement  would,  of  course,  be  that  in  which  the  dis 
was  a  perfect  circle,  with  the  station  located  at  the  center.  T 
retically,  the  stalion  should  be  locatctl  at  what  might  be  ci 
the  center  of  gravity  of  the  system,  determined  by  giving  i 
part  of  the  district  a  value  prnpnrtinnal  to  the  number  of  la 
to  be  supplied.  This  could  Ijc  applied  to  any  district,  how 
irregular  in  form ;  but  this  ideal  position  would  rarely  be  real 
in  practice,  and  a  slight  or  even  considerable  departure  froi 
would  not  be  objectionable.  Low-tension  systems,  however, 
is,  incandescent  lighting  systems  employing  100  to  260  w 
usually  require  the  station  to  be  placed  somewhere  near 
center.  Exceptions  to  this  rule  may  be  made  for  sjsecial  reaa 
and  by  the  use  of  peculiar  devices.  For  example,  the  sya 
may  be  operated  with  a  larger  percentage  o£  loss  of  potentia 
the  conductors  than  is  usually  allowed,  or  part  of  the  dyna 
can  be  run  at  a  higher  voltage  than  the  others,  in  order  to  s\^ 
lamps  at  a  greater  distance,  or  the  current  in  certain  of  the  ^ 
ers  may  be  raised  in  voltage  by  auxiliary  dynamos,  comnu 
called  "boosters."  These  methods  arc  more  fully  discussed 
page  39.  By  such  means  low-potential  systems  are  success! 
operated  where  the  station  is  situated  at  a  considerable  disti 
from  the  center  of  the  district,  or  even  entirely  outside  of  it.  ' 
combination  of  high-voltage  transmission  and  low-vollagc  distr 
lion  described  on  page  39  enables  the  station  or  power-house  t< 
placed  the  same  as  for  high -potential. 

In  the  case  of  high-tension  systems  the  station  can  be  loa 
at  some  distance  from  the  district  to  be  lighted,  or  even  m 
miles  away.  Indeed,  the  sole  reason  for  employing  high  po 
tials  for  electric  lighting  is  the  fact  that  a  given  amount  of  ( 
trical  energy  can  be  conveyed  by  much  smaller  wires  if  h 
vohage  currents  be  used.    Assuming  a  certain  amount  of  elect 
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power  in  watts  and  a  given  percerUage  of  loss  in  volts,  the  cross- 
section  of  conductor  required  is  inversely  proportional  to  the 
square  of  the  number  of  volts.  This  ability  to  cany  electrical 
energy  over  comparatively  small  wires  to  considerable  distances 
permits  the  station  to  be  located  in  almost  any  desired  position, 
irrespective  of  the  size,  shape,  and  position  of  the  lighting  dis- 
trict, within  reasonable  limits.  This  applies  to  alternating  in- 
candescent  lighting  and  to  series  arc  lighting,  or  to  any  other 
system  using  currents  of  1,000  volts  or  more.  The  advantage  of 
being  able  to  locate  the  station  wherever  it  may  be  convenient 
to  have  it,  is  offset  by  two  serious  facts,  as  already  stated. 

First,  the  danger  of  killing  persons  and  animals  by  contact 
with  wires  carrying  high-voltage  currents. 

Second,  the  difficulty  of  insulating  high-voltage  currents. 
This  serious  question  between  high  and  low  tension  systems  has 
been  long,  and  somewhat  fiercely,  discussed  by  electrical  engi- 
neers ;  but  there  is  probably  no  general  answer,  and  each  system 
las  its  proper  sphere  of  usefulness,  depending  upon  circumstances. 

The  cost  of  ground  space  is  in  many  cases  a  controlling  condition. 
It  may  happen  that  the  rent  or  cost  of  sufficient  ground  space  may 
be  so  high  as  to  preclude  the  placing  of  the  station  in  or  even  near  the 
district  to  be  lighted.  This  would  oblige  the  station  to  be  put  some 
distance  away,  where  ground  would  be  sufficiently  cheap,  in  which 
case  a  high-tension  system  would  have  to  be  adopted.  Thus  the 
various  parts  of  this  problem  are  interdependent,  and  a  change  in 
one  may  affect  the  others. 

A  high  value  of  real  estate  would  also  affect  the  arrangement 
of  the  station,  giving  rise  to  three  or  four  essentially  different 
types  of  station,  depending  upon  the  cost  of  the  ground  space. 
These  arrangements  of  station  will  be  considered  on  page  46.  In 
™ost  cases  the  cost  of  ground  space  and  its  effect  upon  the  loca- 
tion of  the  station  are  quite  definite  and  easily  ascertained. 

^oom  for  extension  should  always  be  provided,  because  it  has 
l^n  the  history  of  nearly  all  successful  stations  and  plants  that 
tneir  business  has  rapidly  and  greatly  increased,  it  being  not 
*^ncommon  for  the  number  of  lights  to  double  each  year  for 
sev'eral  years.  Provision  should,  therefore,  be  made  to  enable 
the  plant  to  be  enlarged  to  at  least  twice,  and  perhaps  four  or 
SIX  times,  its  original  size.     A]]  the  land  need  not  be  obXaitvci.  va. 
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the  first  place,  provided  it  caii  surely  be  had  at  a  reasonable  price 
when  required. 

Tlu  convenience  of  coat  supply  should  be  carefully  considered  in 
locating  electric-lighting  plants,  if  steam-power  is  to  be  used.  If 
possible,  a  site  should  be  selected  directly  upon  some  railway,  or 
sufficiently  near  to  be  connected  by  a  branch  track  or  siding  ;  or 
directly  upon  the  water  front,  so  that  coal  vessels  can  be  brought 
alongside,  and  in  either  of  these  cases  the  arrangement  should 
be  such  that  the  coal  can  be  directly  unloaded  from  the  cars 
or  vessels  into  the  bins  from  which  the  boilers  are  supplied. 
Rehandling  of  the  coal  should  be  avoided  as  far  as  possible ;  and 
if  the  coal  can  be  made  to  move  or  discharge  itself  by  gravity, 
so  much  the  better.  If,  however,  it  is  not  possible  to  place  the 
plant  where  coal  can  be  obtained  directly  from  railway  or  boat,^| 
then  it  should  be  located  so  that  the  carting  or  other  handling  of  ^^ 
the  coal  involves  the  minimum  trouble  and  expense.  The  possi- 
bility of  the  coal  supply  being  temporarily  cut  off  by  severe  snow- 
storms, floods,  or  strikes  should  also  be  con.sidered  in  locating 
and  arranging  the  plant. 

Convenience  of  xoatcr  supply  should  also  be  given  careful  atten- 
tion.    In  cities  the  supply  may  usually  be  obtained  from  the  cit/ 
waterworks,  in  which  case  it  may  not  be  considered   in   locatin 
the  station.     This  would  usually  involve,  however,  a  heavy  water 
tax,  and  it  might  therefore  pay,  even  in  that   case,  to    sink 
artesian   or  other  well,  or  obtain  water  from  some  other  source. 
In  small  towns  regular  waterworks   do   not  ordinarily  exist,  and 
the  plant  would  have  to  depend  upon  wells  or  some  other  natural 
supply  of  water,  such  as  a  stream,  pond,  or  lake.     Id  the  case  o: 
natural  water  .supply  the  location  of  the  plant  would  have  to 
matle  accordingly. 

The  water  supply  required  in  electric  lighting  may  be  of  two 
kinds  :  First,  that  needed  for  the  boilers ;  and  second,  water  for 
condensation,  if  condensing  engines  be  used.  The  first  kind  of 
water  should  be  very  pure,  if  possible,  to  avoid  the  deposition  of 
scale  and  sediment  in  the  boilers,  which  is  most  objectionable. 
The  water  for  condensing  need  not,  necessarily,  be  very  pure 
either  mechanically  or  chemically,  if  surface  condensers  are 
employed ;  in  fact,  salt  water  can  be  used,  as  in  the  case  of 
marine  engines.     But  even  in  condensers  it  is  desirable  to  have 
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reasonably  pure  water,  and  therefore  it  is  generally  found  expedi- 
ent to  secure  an  ample  supply  of  good  water  for  both  purposes ; 
or»  to  put  it  another  way,  it  would  not  pay  to  use  condensing 
engines  unless  a  good  and  sufficient  supply  of  condensing  water 
can  be  relied  upon.  Water  supply  for  boilers  and  condensers 
is  discussed  in  Chapter  IX. 

The  possibility  of  obtaining  good  foundations  is  too  serious  a 
matter  to  be  neglected  in  locating  electric-light  plants,  because 
the  machinery  used  is  very  heavy,  and  it  should  be  substan- 
tially and  firmly  placed,  in  order  to  work  steadily  and  properly. 
A  careful  investigation  of  the  character  of  the  ground  should 
be  made,  to  be  sure  of  having  solid  foundations,  as  it  might 
happen  that  the  existence  of  soft  ground  or  quicksand  would 
involve  great  trouble  and  expense. 

The  matter  of  transmitting  vibrations  from  machinery  to 
adjacent  buildings  should  be  carefully  considered,  as  it  may  be 
the  cause  of  great  annoyance,  or  even  actual  damage.  This 
question  is  discussed  in  the  next  chapter,  under  the  head  of 
"  Foundations." 

The  obtaining  of  a  good  draught  for  the  boiler  fires  is  another 
matter  which  must  not  be  ignored  in  locating  and  arranging  a 
plant.  If  natural  draught  by  means  of  a  chimney  be  adopted, 
two  questions  are  involved :  First,  the  foundations  for  a  suf- 
ficiently high  chimney  must  be  particularly  good,  and  even  better 
than  those  for  the  building  or  machinery,  because  the  slightest 
^  settling  will  throw  the  stack  out  of  plumb,  the  effect  being  mag- 
nified by  the  height  of  the  chimney  ;  secondly,  the  formation 
of  the  land  in  the  neighborhood  of  a  chimney  very  considerably 
affects  the  draught.  For  example,  if  a  chimney  were  located 
near  a  line  of  hills,  and  the  prevailing  winds  happened  to  be 
from  the  hills  toward  the  chimney,  the  effect  would  be  to  cause 
the  wind  to  be  deflected  downward  upon  the  chimney,  which 
would  tend  to  oppose  the  draught.  In  a  case  of  this  kind,  or 
wherever  natural  draught  is  not  to  be  obtained,  it  would  be 
necessary  to  resort  to  mechanical  draught  of  some  kind. 

Thus  it  will  be  seen  that  there  are  numerous  important  fac- 
tors involved  in  determining  the  location  of  a  station  ;  and  it  is 
usually  a  great  mistake  to  overlook  any  of  them,  or,  on  the  other 
hand,  to  give  undue  weight  to  any  particular  one. 


ELECTRIC  LIGHTING. 


46 


Location   of   Generating-Stations   at   Coal-Mines.  —  The 
sibilily  of  locating  large  electrical  generattug-stations  directly 
coal-tnines,   and  transmitting  the  energy  by  wires  to  the  large 
cities  for  light,  power,  etc.,  has  been  proposed  and  discussed.* 

This  is  the  extreme  case  of  the  location  of  a  central  stution, 
entirely  with  reference  to  coal  supply.      It  is  largely  a  qucstioi 
of  whether  it  costs  more  to  carry  the  coal  or  the  electrical  enerj 
to  the  given  point.     The  plan  would  have  the  enormous  advan- 
tage of  eliminating  the  serious  evils  due  to  excessive  smoke  iaj 
large  cities,  as  well  as  the  trouble  and  dirt  involved  in  handling 
coal  and  ashes.     Advanced  civilization  will   probably  demand 
in  the  future ;  but  railways  and  other  established  interests  wouk 
combat  it,   and    it    is  doubtful   if    the   times   are  quite  ripe  fc 
attempting  it,  except   in   places  where   the   conditions   are 
ticularly  favorable.     A  compromise  scheme  has  been  proposed  bj 
the  author  f  in  which  the  station  would  be  located  at  a  sufficient 
distance  from  the  city  to  avoid  the  nuisance  of  smoke  and  dirtiJ 
and  also  reduce  the  handling  of  the  coal     For  example,  a  large 
station  located  in  New  Jersey  could  supply  New  York  City,  andj 
would  secure  great  saving  in  cost  of  land,  coal,  labor,  etc. 


ABRAXfOEHSNT  OF   AN   KLEKTrRXC-UOHTDfO  FI^ANT. 

The  general  arrangement  of  an  electric-lighting  plant  or  statioi 
depends  upon   Its   location  and  the  kind  of  machinery  adopted. 


.^.^^^^Mr^. 


Fig.  1.     Simple  Arrcngemeni  of  Plant. 


The  location  of  the  station,  particularly  with  reference  to  th< 
value  of  real  estate,  gives  rise  to  several  radically  different  arrange 
roents.     If  the  cost  of  ground-space  is  low,  and   there  is  ampU 

"  "  GcDcrntitig  Power  at  Coal  FlcUls  nn>l  TtuiKnitting  il  Electrically  lo  Indmttii 
Centres,"  £/^.  fi^firtJ,  D«rc.  31,  1802.     "The  UUIUaUon  ol  Coal  Mines."     tVofc 
Bliike.     Sri.  jlmfr.  Smp.,  July  8,  1S93. 
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room*  the  simplest,  and  usually  the  best,  arrangement  is  that  shown 
in  Fig.  1,  in  which  the  boilers,  engines,  and  dynamos  are  all 
placed  on  the  ground,  the  relative  position  being  such  that  the 
steam  flows  directly  from  the  boilers  to  the  engines  with  a  mini- 
mum length  of  pipe.  This  arrangement  is  natural  and  desirable 
in  every  way. 

If,  however,  the  cost  of  sufficient  ground-space  is  too  great  to 
allow  this  plan  to  be  followed,  then  it  obviously  becomes  neces- 
sary to  place  some  of  the  apparatus  above  the  rest ;  that  is,  we 
must  have  a  building  with  two  or  more  stories. 

In  the  first  large  electric-lighting  central  station  built  in  the 
world  —  the  Pearl-street  Station  of  the  Edison  Electric  Illuminat- 
ing Company  of  New  York,  which  began  running  in  1882  — this 
problem  was  solved  by  placing  the  boilers  on  the  ground,  the 
engines  and  dynamos,  which  were  direct-coupled,  being  located 
on  the  floor  above,  which  consisted  of  iron  beams  supported  on 
inm  columns.  This  arrangement  was  a  natural  one,  but  did  not 
work  satisfactorily,  and  is  probably  radically  wrong,  for  the  reason 
that  the  tendency  of  steam-engines  to  vibrate  because  of  their  recipro- 
cating motion  makes  it  practically  imperative  to  place  an  engine  of 
any  size  upon  a  solid  foundation  directly  on  the  ground. 

Boilers,  on  the  other  hand,  although  heavy,  do  not  tend  to  cause 
vibration,  and  simply  require  a  sufficiently  strong  support  to  carry 
the  dead  weight.  The  arrangement  adopted,  therefore,  in  many  of  the 
modern  stations  has  been  to  place  the  boilers  upon  the  second  or  even 
third  story  and  locate  the  engines  and  dynamos  on  the  ground. 
A  prominent  example  of  this  arrangement  is  the  Waterside  Station 
of  the  New  York  Edison  Co.,  which  supplies  a  large  part  of  Man- 
hattan Island  with  electric  light  and  power,  having  a  maximum 
opacity  of  160,CXX)  H.P,  It  is  shown  in  vertical  section  and  plan  in 
Figs.  2  and  3  respectively.  The  ground  space  covered  is  197i  by 
272i  feet,  and  the  roof  of  the  engine-room  is  116  feet  above  the  floor. 
A  little  less  than  one-half  of  the  building  is  shown  in  the  plan,  but  the 
'^'iiainder  being  precisely  similar,  the  arrangement  of  the  plant  can 
^  dearly  seen.  There  arc  16  generators,  which  produce  three- 
phase  alternating  current  at  25  cycles  per  second  and  6,600  volts,  and 
have  a  capacity  of  4,500  K.W.  each.  The  high-potential  current, 
thus  generated  is  carried  by  underground  cables  to  substations  in 
^rioua  parts  of  the  dty,  where  it  is  stepped  down  m  voUa^e  aivi 
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In  most  of  the  electric-light  plants  built  from  the  beginning  in 
1878  to  about  1890,  the  dynamos  were  comparatively  small — 20  to 
100  H.P. — and  belted  to  the  engines.  One  plan  was  to  have  each 
machine  or  pair  of  machines  driven  by  a  separate  high-speed  engine- 
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The  other  method  was  to  employ  one  or  more  large,  low-speed  engines 
which  drove  line-shafts  by  means  of  heavy  belts,  the  various  dynamo 
being  also  connected  to  the  line-shafts  by  belting.  These  arrange- 
ments are  still  commonly  used  in  direct-current  art-lighting  plants, 
because  for  the  most  part  ihey  supply  street  lamps,  the  distances  beii^ 
considerable!  so  that    the   high- potential  series  system  is  adopted.] 
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The  constant-current  dynamo  (Chap.  XVIII.)  required  in  this  case 
is  limited  to  a  capacity  of  about   100  or  150  lights,  so  that   many 
machines  are  needed.    A  modem  example  of  such  a  station  is  illus- 
trated in  Fig.  4,  a  pair  of  dynamos  being  belted  to  each  high-speed, 
tandem-compound  engine.    The  series  alternating  is  usually  prefer- 
able to  the  series  direct-current  system,  because  thousands  of  arc 
lamps  may  be  operated  by  one  generator  if  desired,  and  incandescent 
lamps  as  well  as  motors  at  the  same  time,  as  stated  on  page  37.    In 
such  a  case  the  general  type  of  station  represented  in  Figs.  2  and  3 
may  be  adopted. 

For  several  years  after  the  alternating  current  was  introduced  in 
1887,  its  use  was  limited  to  incandescent  lighting  and  the  generators 
were  comparatively  small,  a  few  hundred  lights'  capacity,  and  usually 
installed  in  arc-lighting  stations  so  that  incandescent  lamps  could 
also  be  supplied.  The  consequence  was  that  they  were  driven  by 
liigh-speed  or  low-speed  engines  with  belting,  like  the  arc  machines 
in  Fig.  4.  But  the  great  increase  in  size  of  alternating  as  well  as 
direct-current  generators  has  resulted  in  the  general  adoption  of 
direct  connection  in  place  of  belting.  Hence  the  modem  station 
ior  electric  light  or  power,  whether  direct,  single-phase,  or  polyphase 
current,  usually  employs  multipolar  generators  of  large  diameter, 
each  directly  connected  to  a  steam-engine  or  other  prime  mover. 

The  isolated  plant  has  followed  similar  lines  of  development, 
3fid  is  in  fact  a  small  central  station  except  that  high-speed  engines 
of  the  various  types  shown  in  Chapters  XL,  XV.  and  XVIII.  are 
generally  adopted.  Detailed  descriptions  of  such  plants  are  given 
in  Chapter  XXV. 
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CHAPTER  VI. 

BinLDINGS   FOR   ELECTfilC-IJOHT  PLANTS. 

The  building  in  which  an  electric-light  plant  is  placed  may 
be  designed  and  built  specially  for  it,  or  it  may  be  a  building 
already  in  existence,  and  built  for  some  other  purpose.  In  the  I 
case  of  a  central  station  the  plant  usually  occupies  the  entire  ' 
building,  or  a  large  portion  of  it ;  whereas,  an  isolated  plant  oc- 
cupies a.  comparatively  small  space  in  the  cellar  or  basement. 
In  any  case,  the  problem  of  constructing  or  arranging  the  building 
or  space  comes  under  the  head  of  architecture  rather  than  of 
electrical  engineering ;  but  it  is  always  very  desirable  thai  the 
electrical  engineer  should  at  least  be  consulted,  and  have  the  plan 
submitted  to  him.  Frequently,  however,  this  is  totally  disre- 
garded, and  the  electrical  engineer  is  given  a  certain  place  in 
which  to  put  the  machinery ;  and  the  result  is  likely  to  be  very 
msatisfactory  to  all  concerned.  m 

This  unwise  practice  is  particularly  common  in  regard  to  iso-V 
lated  plants ;  and  it  Is  the  rule,  rather  than  the  exception,  for  the 
architect  to  provide  a  certain  room  or  space  which  he  may  arbi- 
trarily think  sufficient  for  the  electric-lighting  plant.  Very  often 
this  space  is  too  cramped,  or  of  wrong  shape,  to  allow  the 
machinery  to  be  properly  put  in.  In  most  cases  the  difficulty 
could  have  been  entirely  avoided  if  the  electrical  engineer  had 
been  given  an  opportunity  to  make  suggestions  or  modifications 
in  regard  to  the  original  plans.  The  author  has  visited  many 
>lants  in  which  this  trouble  was  very  apparent.  In  one  instance 
'^the  machincr)-  was  locatetl  in  what  was  little  better  than  a  hole 
in  the  middle  of  the  cellar,  in  which  ventilation  was  practically 
impossible.  The  consequence  was  that  in  summer  the  temper^  ■ 
ature  of  this  place  often  rose  as  high  as  120'  F.,  thus  causing 
the  d)-namos  to  run  very  hot ;  in  fact,  their  actual  output  was 
reduced  to  about  one-half,  because  they  could  not  generate  any 
more  current  without  being  heated  above  HJO*  or  170"  F.,  which 
is  the  maximum  allowable  temperature.     The  attendants  were^ 
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Be,  thoroughly  uncomfortable,  and  unable  to  work  to  advan- 
tage. In  this  case  there  was  plenty  of  room  at  the  front  or  back 
of  the  basement  where  windows  or  direct  openings  to  the  outside 
aircould  have  been  had.  In  many  other  cases  a  few  feet,  or  even 
inches,  too  little  space  is  provided  for  the  proper  arrangement 
of  machinery,  resulting  in  its  always  working  badly.  The  amount 
of  space  required  for  an  isolated  plant  depends  upon  the  work 
that  it  has  to  do  ;  but  usually  at  least  two  dynamos  and  two 
ciigines  should  be  installed,  and  therefore  the  room  required 
would  be  30  to  40  feet  long  and  '20  feet  wide,  in  case  the  engines 
irebdled  to  the  dynamos,  and  25  feet  long  by  15  feet  wide 
fWre  direct-coupled  engines  and  dynamos  were  employed.  Typi- 
c»l  arrangements  of  an  isolated  plant  are  set  forth  in  Chapter 
XXV.  The  principal  points  to  consider  in  providing-  a  place  for 
•in  isolated  plant  arc, — sufficient  space  for  proper  arrangement  of 
machinery;  convenient  handling  of  coal  and  ashes;  light;  vcn- 
lilation;  and  freedom  from  excessive  dampness. 

In  regard  to  the  third  point,  it  is  obvious  that  daylight  is 
pfcferable  to  any  other,  and  is  particularly  needed  for  cleaning 
w repairing  machinery;  but  it  often  happens  that  it  is  necessary 
t"  lixalc  an  isolated  plant  where  only  artificial  light  can  be 
<>biaiiied,  In  which  case  electric  lamps  may  be  employed ;  but  it 
"  vcT)'  important  to  have  at  least  one  or  more  gas-lights,  or 
"(her  independent  lights,  in  case  of  accident  to  the  electrical 
Rnt,  at  which  time  light  would  be  urgently  required. 

The  central  station,  as  already  stated,  usually  has  a  building  of 
Us  turn  largely  or  entirely  devoted  to  it.  If  the  building  is  already 
'^Ood,  the  duty  of  the  electrical  engineer  is  to  arrange  it  to  the 
«*T  advantage.  This  will  ordinarily  require  some  modification, 
*liKh  should,  of  course,  always  be  as  little  as  possible,  in  order 
lo  sive  lime  and  expense.  As  a  usual  thing  central  stations 
"faled  in  buildings  originally  intended  for  other  purposes  have 
""Ibcen  very  satisfactory.  Numerous  fires  and  a  great  deal  of 
^  engineering  can  be  attributed  to  this  practice.  Indeed^  cen- 
^  stations  have  been  particularly  liable  to  fires,  and  this  fact 
iwukl  always  be  borne  in  mind  in  designing  and  constructing 
''*  Injilding,  In  the  earlier  days  of  electric  lighting  this  use  of 
•^wod-hand  buildings  was  quite  common ;  but  at  the  present  lime 
«edric  lighting  is  sufficiently  definite  and  well-established  to  >«a.t- 
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rant  the  putting  up  of  a  building  especially  for  the  purpose,  and 
this  is  now  usually  done.  In  this  case  the  electrical  engineer 
should  be  consulted  in  the  design  and  construction  of  the  build- 
ing, although  the  details  of  the  work  and  matters  having  little  or 
nothing  to  do  with  the  electrical  plant  had  better  be  left  to  archi- 
tects and  builders;  in  fact,  it  would  be  the  same  mistake  for  the 
electrical  engineer  to  interfere  in  these  matters  as  for  the  architect 
to  dictate  in  regard  to  the  electrical  machinery. 

The  space  required  for  a  central  station  depends  upon  the 
number  and  kind  of  lights  to  be  supplied,  and  upon  the  character 
and  arrangement  of  the  machinery.  The  general  arrangement  of 
a  station  was  discussed  in  the  preceding  chapter,  and  it  would  not 
be  difficult  to  calculate  the  size  and  form  of  building  required  in 
any  given  case.  Two  things  must  be  carefully  considered,  —  first, 
the  building  must  be  adapted  to  the  plant  to  be  installed  in  the 
beginning ;  and  second,  it  must  be  arranged  so  that  enlargement 
can  be  made  without  disarranging  or  interfering  with  the  plant 
already  in  existence.  This  i.s  usually  best  secured  by  providing 
for  expansion  In  one  or  two  definite  directions,  the  building  being 


Fig.  5.     Won  9f  Stuiian  Arrang9ff  for  EMitnsion. 

extended  and  the  machinery  added,  when  needed,  as  shown 
^•ff*  5«  3-    pl'^n  view  corresponding   to   the   vertical   section 
Fig.  I  on  page  46. 

It  is  customary  to  build  electrical  stations  of  wood  and  bricl 
in  a  village  or  smalltown;  of  brick  with  a  smaller  amount 
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wood  for  larger  towns  ;  and  entirely  of  brick  or  stone,  in  order  to 
lo  be  more  substantial  and  ornamental,  in  a  large  city. 

Let  us  now  briefly  consider  the  foundation,  walls,  and  other 
pans  of  the  building,  which,  although  not  strictly  a  part  of  electri- 
cal engineering,  nevertheless  should  be  understood  and  consid- 
ered by  the  electrical  engineer  in  a  general  way. 


i( 


FOUNDATIONS. 


ic  foundation  is  the  most  important  part  of  a  building,  accord- 
ing lo  Franklin,  and  this  is  particularly  true  of  electric-lighting 
stations  which  contain  heavy  machinery.  The  electric-light  engi- 
ticcr  must  therefore  exercise  the  greatest  care  to  secure  substan- 
tial and  enduring  foundations.  The  particular  kind  of  foundations 
wiD  depend  upon  the  character  of  the  ground  and  other  local  con- 
ditions. Cases  may  occur  varying  from  stations  located  on  piles 
to  stations  which  are  set  upon  solid  rock  Certain  general  engi- 
neermg  principles  apply,  however,  to  almost  all  cases,  and  are 
reasonably  definite  and  reliable.  Foundations  should  not  be 
liltdy  to  be  affected  injuriously  by  frost,  water,  air,  weather,  or 
other  mechanical  or  chemical  action.  Foundations  may  be  dis- 
P^Ked  vertically  by  compression  or  settling  of  the  ground,  or 
bofiMntally  by  the  sliding  of  the  substrata  on  one  another. 
Almost  all  foundations  arc  liable  to  a  slight  amount  of  settling 
•fcidj  may  be  perfectly  legitimate  ;  but  any  excessive  or  irregular 
*^tliDg  of  the  different  parts  of  the  building  is,  of  course,  very 
objectionable.  A  careful  investigation  should,  therefore,  be  made 
^  the  character  of  the  ground  by  driving  piles  or  iron  tubes 
(ordinary  gas-pipe),  excavating,  etc.,  to  ascertain  exactly  what  the 
8™Dnd  will  support,  and  what  kind  of  foundation  is  required. 

Foundations  are  either  natural  or  artificial.  The  former  are 
Uiose  in  which  there  is  solid  rnck  or  sufficiently  substantial  soil  in 
'""  to  support  the  building  without  any  reenforcement. 

Aniiicial  foundations  are  those  in  which  piles,  iron  beams, 
QBMos,  or  other  special  means  are  employed  to  re**nforce  soil 
*l*ich  is  not  sufficiently  firm  itself. 

The  drainage  of  foundation  should  be  carefully  attended  to. 
^eans  should  be  provided  to  free  the  foundation,  excavation, 
indirenchcs  from  water  accumulations,  either  by  coimecliows  to 
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the  regular  town  drainage  system^  or  by  temporary  outlets,  pumps, 
«tc.  It  is  better  to  divert  springs  and  water  channels,  than  to 
attempt  to  dam  them  away  from  foundations ;  because  the  latter 
requires  a  perfectly  imper\'ious  wall,  which  is  difficult  to  make  and 
is  likely  to  crack.  The  foundation  for  any  important  structure 
should  be  carefully  tested,  as  already  stated,  by  driving  piles, 
digging  deep  pits  at  various  points  of  the  foundation  site,  or  by 
augur  boring,  which  brings  up  samples  of  the  various  soils  it  passes 
through.  An  actual  test  of  the  foundation  soil  may  be  made  by 
applying  to  a  certain  portion  of  the  ground  a  certain  weight  per 
square  foot,  corresponding  to  the  weight  of  the  building,  etc.,  to 
be  carried.  In  addition  to  these  tests,  one  may  be  guided  by  the 
general  data  of  the  safe  bearing-power  of  soils,  etc.,  the  values 
for  which  have  been  obtained  by  experience.  These  are  given  in 
the  fallowing  table  : —  — 

Hard  Kock.  in  thick  strata,  can  carry  200  tons  per  square  foot. 

Ckavel  and  Coarse  Sano,  well  cemented  with  clay,  protected  from  wat«r* 

4  to  ti  tors. 
Sand,  compact  and  not  Hablc  to  lateral  disturbance,  4  to  8  tons. 
Sand,  clean,  dry,  2  to  4  tons. 
Clav.  id  thick  beds,  alnaj's  dry,  4  to  0  tons. 
Clav,  moderately  dry,  2  to  4  tons. 

Ct.AV,  soft,  from  1  to  1.5  tons.  ^k 

Quicksand,  alluvial  soil,  etc.,  according  to  dampness,  .5  to  I  ton.  ^ 

Mud,  quicksand,  and  other  semi-liquid  soils  will,  according  to 

Rankine,*  support  per  unit  of  area  a  weight  equal  to  tvh  (  -i ?  \ , 

\1— sinay 

in  which  w  is  the  weight  of  a  unit  volume  of  soil,  h  is  the  depth 

of  immersion,  and  a  is  the  angle  of  repose  of  the  soil.     It  is  not 

wise,  however,  to  rely  much  upon  the  bearing-power  of  such  soils ; 

and  it  is  better  either  to  remove  them  entirely,  to  sink  piles  or 

caissons  through  them  to  a  solid  substratum^  or  to  consolidate  the 

soil  by  adding  .sand,  earth,  or  stone. 

In  case  the  ground  is  so  soft  or  unreliable  as  to  require  the 

driving  of  piles,  these  may  be  of  hemlock,  spruce,  oak.  yellow  pine, 

or  other  suitable  and  available  wood,  perfectly  straight  anil  round, 

80  to  40  feet  long,  and  not  less  than  10  inches  diameter  at  the 

smaller  end,  and  14  inches  at  the  larger.     Piles  should  be  driven 

*  Ku]kin«*>  Citn'i  EngtHetring,  p.  370. 
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.•erlically,  and  after  being  driven  should  have  their  heads 
sawed  off  squarely  to  a  uniform  height.  This  level  should  be 
below  the  lowest  point  at  which  the  water  in  the  soil  is  known  to 
stand:  otherwise  the  heads  of  the  piles  will  quickly  rot  where 
they  project  above  the  water-level.  Piles  should  be  capped  with 
a  timber  "  crib,"  on  which  rest  the  foundation  stones.  This  crib 
usually  consists  of  12x12  inch  spruce  or  yellow  pine,  placed  lon- 
gitudinally^ and  treenailetl  to  the  piles,  the  space  between  the 
caps  being  filled  with  concrete. 

Kankine's  formula  for  the  supporting-power  of  piles  is  :  — 


% 


in  which  P  is  total  supporting-power  in  tons,  W  is  weight  of  pile- 
ilriver  ram  in  tons.  //  is  height  of  fail  in  feet,  s  is  section  of  pile  in 
square  feet,  e  is  coefficient  of  elasticity  of  pile  in  tons  per  square 
ioot, /is  length  of  pile  in  feet,  and  d  is  distance  in  feet  that  the 
pile  is  moved  by  the  last  blow.  A  factor  of  safety  of  from  5  to 
10  should  be  allowed  in  using  the  above  formula. 

Mdal  piles  made  of  wrought  or  cast  iron  arc  sometimes  used. 

Excavating.  —  It  is  well  to  excavate  the  entire  space  under  the 
engine-room  to  a  depth  of  8  or  10  feet,  .so  as  to  get  clear  head- 
room in  the  basement,  Excavate  for  all  side,  cross,  and  gable 
*>lls,  all  foundations,  and  also  central  space  between  boilers  to 
form  a  basement  under  the  boiler-room  for  ash  and  coal  han- 
^^  apparatus,  flues,  and  pipes.  The  excavated  material  usually 
increases  considerably  in  bulk,  ordinary  earth  occupying  about 
(«le^luarter  more  space,  rock  about  one-half  more ;  but  loose  soils 
iwy  actually  compress  into  less  space  than  occupied  in  their  nat- 
ural position.  Excavating  is  measured  and  priced  by  the  cubic 
y^iand  the  ordinary  single  cart-load  is  equal  to  one  cubic  yard. 
^'wcost  of  excavating  depends  upon  the  hardness  of  the  soil  and 
***pih  of  excavation,  etc.  The  maximum  distance  that  material 
^^  be  thrown  up  with  a  shovel  is  6  feet ;  hence,  for  greater 
''^li,  intermediate  staging,  or  levels,  must  be  provided,  or  the 
•"iicrial  mu.st  be  carted  out  on  an  incline,  or  else  hoisted.  In 
"^  pround  a  man  can  shovel  about  10  cubic  yards  per  day  of 
1" "orking-hours  ;  in  stiff  clay  or  firm  gravel,  about  6  yards;  in 
"^  ground,  where  picking  is  ro/uired,  \  yards.     One  maxx  cwv 
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remove  10  cubic  yards  to  a  distance  of  20  yards,  by  means  of 
a  wheelbarrow,  in  one  day.     In  excavating  in  compact  soil,  the^ 
sides  are  supported  by  short  rough  boards  called  "  poling-boards/^^ 
which  are  laid  vertically  against  the  sides,  at  inten'als,  and  kept 
in  place  by  cross-struts  of  timber.  ^ 

If  the  excavation  be  a  cellar,  the  sides  must  b«  sustained  byS 
inclined  "  shores  "  looted  upon  the  excavated  bottom.  In  very 
loose  soil,  long  poling-boards  are  placed  horizontally  close  together, 
and  usually  held  in  place  by  short  vertical  wales  of  stout  plank 
and  struts  of  timber  across  the  trench.  Excavations  should  be  6 
inches  wider  on  each  side  than  the  width  of  the  foundation  base«H 
and  the  bottom  should  be  made  perfectly  level ;  or,  if  on  rising 
ground,  in  as  long  benches  or  steps  as  the  gradient  will  allow. 
Trenches  should  be  3  feet  wide  if  8  or  9  feet  deep,  and  4  fee 
wide  if  over  9  feet  deep. 

Underfooting.  —  Fovmdation  trenches  are  sometimes  filled  to 
depth  of  2  feet  or  more  with  broken  stone,  gravel,  sand,  and  con- 
crete, well  rammed  in  convenient  layers.     This  greatly  increases 
the  bearing-strength  of  the  soil.     When  concrete  is  used,  it  should 
be  made  of  good  hard-setting  lime,  or  hydraulic  cement,  so  that  it. 
may  act  as  a  monolithic  structure,  in  order  to  distribute  the  pre! 
sure  over  its  whole  area. 

Foundation  Footings.  —  The  base  or  footing  of  the  foundation 
projects  considerably  beyond  the  walls  themselves,  in  order  to 
distribute  the  pressure  over  a  greater  area.  The  following  points 
should  be  taken  into  consideration  :  — 

1.  The  area  should  be  sufficient  to  impose  upon  the  subsoU  a 
pressure  which  it  will  safely  bear  per  unit  of  area. 

2.  The   foundation    should    support    its    load    at   or   near   tl 
center. 

S.    The  upper  surface  should  be  made  horizontal  in  one  planer 
if  possible,  or  in  benches  on  rising  ground. 
Three  kinds  of  foundation  arc  employed  :  — 

1.  Those  in  which  the  foundation  is  of  uniform  width. 

2.  Those  in  which  the  foundation  is  wide  where  piers  or  pila»> 
ters  occur,  and  narrow  between  them  where  the  load  is  much  lesa^f 

8.    Those  which  consist  of  isolated  parts  not  connected  with^^ 
each  other.      In  this  last  case  the  excavation  consists  of   pits 
instead  of  trenches. 
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In  ordinary  practice  the  footing-courses,  upon  which  the  walls 
<tf  the  building  proper  rest,  consist  of  blocks  or  slabs  of  stone  as 
large  as  are  available  and  convenient  to  handle.  Footings  of 
brick  or  concrete  are  also  used  in  very  soft  soils  ;  footings  con- 
sisting of  timber-grillage  are  often  employed.  A  grillage  of  iron 
or  steel  beams  has  also  been  used  successfully.  The  inclination 
«r  angle,  a  (Fig.  6),  of  footing  should  be  about  as  follows : 


mMm. 

Fig.  S.    Angh  for  Foundation  Footing. 

For  metal  footings  75",  for  stone  60°,  for  concrete  45",  and  for 
brick  30°.  Damp-proof  courses  of  slate,  or  layers  of  asphalt,  are 
laid  in  or  on  the  foundations  or  lower  walls  to  prevent  moisture 
arising  or  penetrating  by  capillary  action. 

The  foundations  for  the  machinery  should  be  entirely  separate 
frofn  those  of  the  walls  and  other  parts  of  the  building.  The 
liestion  of  foundations  for  machinery  is  particularly  troublesome, 
'^^use  it  involves  the  problem  of  preventing  the  transmission  of 
vibrations  to  adjoining  rooms  or  buildings.  Electrical  machinery, 
and  the  engines,  shafting,  etc.,  used  in  connection  with  it,  usually 
"^n  at  a  high  speed ;  and  this  fact  aggravates  the  vibration.  The 
character  of  the  ground  upon  which  the  foundations  rest  deter- 
"I'nes  how  far  and  how  intensely  the  vibrations  are  conveyed. 
Sand  or  soft  earth  transmits  them  poorly ;  firm  earths  transmit 
<liite  well,  and  rock  almost  perfectly.  In  cases  where  vibrations 
^c  likely  to  be  transmitted  and  cause  annoyance,  various  mate- 
nals  have  been  used  to  deaden  them,  such  as  sand,  wood,  hair-felt, 
mineral  wool,  and  asphaltic  concrete.  In  rock  or  firm  earth  one 
plan  is  to  excavate  a  pit  two  or  three  feet  deeper  and  two  or  three 
feet  wider  on  all  sides  than  the  foundations  are  intended  to  \>e. 
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A  bed  of  the  same  thickness  of  sand  is  then  put  in  the  bottom? 
and  the  foundations  are  built  upon  this,  and  are  filled  around  with 
sand.     Another  way  is  to  lay  foundations  upon  a  crib  of  2"  x  12H 
woodcii  plank,  and  cap  the  fovindations  with   timber ;   but  wo<)d^ 
transmits  vibration  too  well  to  be  very  effective   for  deadening 
purposes.     On  solid  rock,  where  there  is  great  fear  of  transmit- 
ting vibrations,  the  rock  may  be  excavated  six  feet  deeper  tha^ 
th^  foundations,  and  filled  in  with  hair-felt  or  mineral  wool,  upo^^ 
which  the  fuiuidatiou  is  built.     The  most  satisfactory  solution  of 
this  problem  seems  to  be  the  use  of  bituminous  or  asphaltic  con< 
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fig.  T.     T^mplatt  fof  «M  /m  BufUfng  ltatliln»f§  founaattona. 


Crete,  which  is  made  to  form  the  lower  one,  or  two  feet  of  th( 
foundations,  the  remainder  being  brickwork,  or  ordinary  concrete 
with  a  bluestone  cap.  This  has  been  extensively  tried  in  France 
fur  steam-hammers,  engines,  dynamos,  etc.,  with  excellent  results. 

The  machinery  foundations  themselves  consist  of  a  mass  of 
brickwork,  stone-masonry,  or  concrete,  upon  which  the  machinery 
is  placed,  the  latter  being  usually  held  firmly  in  place  by  bolts 
passing  entirely  through  the  mass.  ■! 

These  bolts  are  built  into  the  foundations,  the  proper  positioniS 
for  them  being  determined  by  a  wooden  frame  or  template,  as  indi- 
cated in  Fig.  7.  The  brickwork  for  machinery  foundations  should 
consist  of  hard-burned  bricks  of  first  quality,  laid  in  good  cement- 
mortar.  Ordinary  lime-mortar  is  entirely  unfit  for  the  purpose^ 
bein^r  likely  to  crumble  away  under  the  effect  of  the  vibrationi 
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caused  by  the  machinery.  Brick  or  concrete  foundations  should 
be  finished  with  a  cap  or  slab  of  blucstone.  This  tends  to  hold 
the  foundations  together,  and  also  forms  a  level  surface  ujwn 
which  to  set  the  machinery.  If  the  engine  is  self-contained,  that 
is,  provided  with  a  cast-iron  base,  a  stone  cap  for  brick  founda- 
tions may  be  dispensed  with. 

Vails. — The  walls  of  the  building  ma)'  consist  of  either  wood, 
brick,  stone,  or  iron,  dcix:nding  upon  Its  location,  size,  and  other 
circumstances.  The  walls  of  a  station  in  a  small  town  were 
formerly  built  orwood  in  many  cases,  but  present  practice  is  to 
adopt  brick  or  stone  except,  perhaps,  for  unimportant  or  tem- 
porary* plants.  Corrugated  iron  has  also  been  used  because  it  is 
cheap  and  fireproof,  but  is  very  unsatisfactory  as  it  rusts  out 
rapidly.  A  new  fireproof  construction  consists  of  '*  expanded 
mrtal  "  (sheet  iron  witli  rough  holes)  supported  on  iron  frame- 
work and  covered  with  cement  mortar  outside  and  hard  plaster 
iwidc. 

A  simple  type  of  clcctric-Hght  station,  designed  by  Mr. 
C ].  H.  Woodbur)',  is  represented  in  Fig.  8.  The  right-hand 
sid«  shows  a  wooden  wall,  and  the  Icfl-hand  side  a  brick  wall 
construction.  Brick  walls  should  be  at  least  13  inches  thick, 
wen  in  small  stations,  and  16  or  20  inches  thick  in  large  ones. 
Tlitrt  may  be  a  pilaster  at  each  roof-tiuss.  having  8  inches  pro- 
jWionand  24  inch  face,  or  the  wall  may  be  of  uniform  thickness 
if  sufficiently  heavy.  More  elaborate  stations  arc  shown  in  Figs. 
-and  8  and  in  Chapter  .\XV. 

The  bricks  used  should  be  hard-burned,  and  have  clean,  sharp 
*^g«,  no  salmon  or  light-colored  brick  being  allowed. 

The  common  size  of  bricks  is  abuut  S  by  3i  to  -i  by  2  tn  2J 
'•^clies,  or  about  24  per  cubic  foot  (including  mortar),  and  weighing 
*'^W4Jlbs.,  or  2i  tons  per  thousand.  A  pressed  brick  of  the 
**'Ti«  size  will  averse  about  5  lbs.  each.  The  crushing  strength 
^bricks  varies  greatly.  A  soft  one  will  crush  at  about  500  or 
I'lK'O  lbs.  per  square  inch,  while  a  first-rate  machine-pressed  brick 
**U  not  crush  with  less  than  3,000  to  5,000  lbs.  per  square  inch. 
Cracking  and  splitting,  however,  usually  commence  atabout  one- 
"^f  the  crushing  load;  and  to  be  really  safe  the  load  should  not 
tWced  one-tenth  of  the  crushing  strength.  Bricks  may  be  laid  in 
^"^uaon  lime  mortar  or  cement  mortar;  the  latter  is  tnucV  ^TtfcT- 
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able,  particularly  if  the  walls  are  subjected  to  vibration,  or  are 
required  to  carry  considerable  weight,  in  cases  where  machinery 
is  put  upon  floors  supported  by  the  walls,  or  where  traveling  cranes  fl 
are  used.  Common  mortar  consists  of  one  part  of  quicklime  and 
three  to  four  parts  of  sand  by  bu]k.  About  20  cubic  feet  of 
mortar  are  sufficient  to  lay  a  thousand  brick  with  coarse  joints  fl 
of  \  inch,  usual  in  interior  walls.  In  such  cases  one  thousand 
brick  make  2  cubic  yards  of  massive  work,  nearly  one-third  of 
the  volume  being  mortar.    For  outside  or  other  joints  which  show. 
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nq.  B.    Stumlan/  Hretrh-Uylit  Station. 

a  whiter  and  thinner  layer  of  mortar  is  used,  made  of  one  part 
of  lime  to  2i  or  31  parts  of  sand.  Ft  is  necessary  to  protect 
quicklime  from  moisture,  as  even  the  moisture  of  the  air  will 
cause  it  to  undergo  the  process  of  air-slaking.  The  average 
weight  of  common  hardened  mortar  is  105  to  115  lbs.  per  cubic 
foot.  The  crushing  strength  of  good  common  mortar  six  months 
old  is  from  125  to  200  lbs.  per  square  inch.  Both  the  sand  and 
lime  of  lime  mortar  should  be  free  from  clay  and  soil.  Mortar 
should  not  be  mixed  upon  the  surface  of  clay  ground ;  but  a  rough 
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board,  brick,  or  stone  platform  should  be  interposed.  Pit  sand 
sifted  is  excellent  for  mortar.  Its  sharp  angles  make  with  the 
lime  a  more  coherent  mass  than  the  rounded  grains  of  river  or 
sea  sand,  the  latter  also  having  the  objection  of  containing  salt, 
wluch  is  very  difficult  to  remove.  One  barrel  of  unslaked  lime 
(230  lbs.)  will  make  about  one  cubic  yard  of  ordinary  mortar. 
Mortar  should  be  applied  wetter  in  hot  than  in  cold  weather. 

As  already  stated,  cement  mortar  is  preferable  to  common 
mortar,  when  required  to  stand  considerable  weight  or  vibration. 
This  consists  of  1  part  of  cement  and  2  to  4  parts  of  sand.  It  is 
very  important  that  the  cement  and  sand  be  thoroughly  mixed. 

A  bricklayer  and  a  laborer  to  keep  him  well  supplied  with 
Dutcrials  will,  in  common  house  walls,  lay  an  average  of  about 
1,200  to  1,500  brick  per  day  of  10  working  hours  ;  in  good,  ordi- 
owy  street  fronts  700  to  1,000,  and  on  very  fine  work  with  angles, 
*tt,  150  to  300.  In  plain  massive  engineering  work  he  should 
average  about  1,500  per  day.  Higher  figures  than  these  are 
sometimes  given  by  engineering  authorities,  but  it  is  doubtful 
if  tbcy  can  be  realized.  This  may  partly  be  accounted  for  by 
the  fact  that  the  working-day  is  now  only  9  or  even  8  hours, 
instead  of  10,  which  was  formerly  the  rule. 

Brick  with  rounded  corners  may  be  used  around  the  windows 
both  at  the  sides  and  on  the  sill,  also  at  the  doorways.  It  gives 
>  better  finish  and  appearance. 

Stone  walls  for  stations  are  used  in  large  cities  where  more 
substantial  and  ornamental  structures  are  desired.  The  kind  of 
stone  employed  for  the  purpose  will  depend  upon  what  is  most 
available,  but  would  ordinarily  be  sandstone,  limestone,  or  granite, 
laid  in  cement  mortar.  The  cost  of  good  stone  masonry  of 
course  varies  greatly,  but  is  usually  between  $20  and  $+0  per 
cubic  yard. 

The  most  modern  construction  especiaUy  for  large  and  im- 
portant buildings  consists  of  steel  frames  with  an  outer  facing  of 
stone  or  brick.  It  may  be  designed  to  carry  any  given  weight, 
&nd  the  external  appearance  of  the  building  may  be  made  as  fine 
and  ornamental  as  desired. 

Roofs. — The  roof  beams,  or  trusses  which  support  the  roof 
proper,  may  consist  of  cither  wood  or  iron,  the  former  having  the 
4d\-antagc  of  cheapness,  the  latter  being  stronger  and  fvTfpToo^. 
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The  simple  roof  construction  shown  in  Fig.  8,  consisting  of  tim- 
bers 10  or  12  inches  square  and  10  feet  between  centers,  will 
answer  for  small  stations.  For  larger  stations  wooden  roof 
trusses  may  be  used,  but  steel  trusses  are  generally  worth  the 
extra  cost  in  order  to  reduce  tl»e  fire  risk.  It  is  customary  to 
have  a  louver  or  monitor,  with  side  ventilators,  as  in  Fig.  8JH 
This  may  be  omitted,  however,  if  there  is  much  danger  from 
outside  fires.  Whether  the  trusses  be  of  wood  or  iron,  tlie  roof 
itself  may  be  made  of  li-inch  plank  splined,  having  a  proper  pitch, 
and  covered  with  slate,  tin,  or  tar  and  gravel. 
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Since  electrical  stations  have  been  particularly  liable  to  fires, 
and  since  sprinklers  are  not  usually  desirable  in  them,  it  is  well 
to  make  the  roof  fireproof  by  constructing  it  of  tc-rra-cotta  blocks, 
tiles,  or  of  cement-concrete  with  "expanded  metal"  as  the  tension 
member  of  the  slab.  A  plank  roof  may  be  made  almost  fireproof 
by  covering  the  under  side  witli  expanded  metal  and  bard 
plaster.  Kxamplcs  of  iron  roof  construction  are  given  in  Figs. 
2,  4  and  9,  which  also  show  the  travelling  crane,  a  ncccssaryfl 
clement  in  plants  of  any  size.  " 

Floors. — The  engine  and  dynamo  room  floor  may  consist  of 
two  layers  of  plank,  the  first  of  yellow  or  Norway  pine  sph'ned, 
and  the  second  of  J-inch  maple.  The  boards  of  the  second  floor 
should  not  be  over  4  inches  wide,  and  should  be  blind-nailed. 
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A  brick  or  cement  floor  is  sometimes  considered  undesirable  for 

aroom  containing  machinery,  because  the  grit  produced  by  wear 

isstirred  up  by  walking  or  sweeping,  thereby  getting  into  the 

bearings  and  other  parts  o^  the  machincr)',  and  causing  them  to 

ifor  and  heat.     I'or  that  reason  a  wooden  surface  for  the  floor  is 

generally  provided  in  rooms  containing  running  machinery.      In 

the  case   of  high-potential  plants  another  reason  advanced   for 

Bsing  wooden,  and  not  brick  or  cement,  floors  is  the  fact  that  the 

latter  would  be  apt  to  cause  a  man  standing  on  them  to  make 

electrical  connection  with  the  ground,   and  accidental  contact 

«itb  a  dynamo  or  wire  might  injure  or  even  kill  him.     In  fact, 

'liwre  dangerously  high  voltages  are  generated,  some  special 

means  should  be  carefully  provided  for  securing  perfect  Inoculation 

«nhe  floor  in  the  neighborhood  of  dynamos,  switchboards,  and 

other  places  where  men  have  to  handle  the  high-tension  apparatus. 

This  may  consist  of  rubber  mats,  or  the  floor  may  be  made  of 

Ixurds  or  planks  having  the  pores  filled  with  oil,  paraffine,  or 

otbcT  substance   to   prevent   absorption    of  moisture.         These 

pUnks  should  be  held  by  blind-nailing,  or  by  driving  the  nail- 

Iwads  below  the  surface  three  quarters  of  an  inch  or  more,  the 

holts  being  filled  afterwards  with  wooden  plugs,  in  order  that 

Persons  may  not,  by  accidental  contact  with  the  nails,  be  hurt. 

"Ttcre  extremely  high  voltages  are  employed,  a  special  insulated 

™or  or  platform  mounted  on  glass  or  other  insulators  should 

« constructed.      A    wcll-insulatcd    floor  is    the    best  safeguard 

gainst  shocks  to  those  working  about  high-potential  machinery, 

^oJlswcIl  worth  putting  in,  although  it  may  not  absolutely  prc- 

^'Wtsuch  accidents. 

The  floor  of  the  boiler-room  should  always  be  made  of  brick, 
concrete,  cement  or  other  suitable  fireproof  materials,  because  in 
"''Scase  there  is  not  tlie  same  objection  to  grit  and  electrical 
t^dticiion  which  may  be  urged  against  these  materials  when 
^d  for  the  floors  of  engine  and  dynamo  rooms. 

Division  of  Station  Building. — In  the  station  building  space 
•nustljc  provided  for  the  various  parts  of  the  plant  and  business 
^^'ollows  :  The  boiler-house  may  be  a  separate  building,  which 
'"  some  respects  is  desirable  to  remove  fire  risk  and  dirt.  In  any- 
^"^  a  brick  wall  or  partition  should  be  interposed  between  the 
■W'ler-room  and  tlic  other  parts  of  the  building,  in  ovdci  Xn  aVwX 
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off  danger  of  fire;  and  this  partition  should  be  impervious  with- 
out any  direct  opening  into  the  engine  and  dynamo  room,  in 
order  to  exclude  dirt  and  grit.  If  a  doorway  is  needed,  the  door 
should  be  of  the  self-closing,  tin-clad,  fireproof  t>*pe. 

In  or  near  the  boiler-room,  space  must  be  provided  for  the 
coal,  ashes,  pumps,  heaters,  etc.;  and  it  is  important  that  thi^ 
apace  should  be  suitably  and  conveniently  arranged,  the  pumps. 
for  example,  being  put  in  a  separate  room.  To  provide  against 
interruption  of  coal  supply  by  strikes  or  snow-storms  it  is  ver>* 
important  to  have  ample  storage  capacity.  This  may  consist  of 
bins  in  the  station  (Fig.  2)  or  near  by.  Conveyers  and  other 
facilities  for  handling  the  coal  and  ashes  should  also  be  installed. 
The  engines  and  generators,  being  the  most  valuable,  delicate, 
and  important  parts  of  the  plant,  should  have  ample  space, 
suitably  located  and  arranged.  Facilities  should  t>c  provided  for 
handling  the  machinery  conveniently,  the  best  plan  being  to  have 
travelling  cranes  as  in  Figs.  2  and  4.  There  should  be  rooms  for 
the  various  officers,  clerks  and  other  employees.  Supply  and 
storage  rooms  are  needed,  as  well  as  repair  shops  for  both  metal 
and  wood  work. 

In  case  overhead  wires  are  used  to  distribute  the  current,  a 
wire  tower  may  be  built  on  top  of  the  building,  usually  at  one 
end  or  corner.  If  the  current  is  distributed  by  underground  con- 
ductors, a  cable-room  should  be  arranged  where  the  conduits 
lead  out  of  the  building.  If  a  storage  battery  be  a  part  of  the 
plant,  a  suitable  room  must  be  provided  lor  it,  shut  off  as  far  as 
possible  from  the  machinery  and  instruments,  in  order  that  the 
fumes  from  the  battcrj'  may  not  corrode  them.  Several  small 
rooms  are  usually  needed  for  testing  and  adjusting  lamps,  meters, 
measuring-instruments,  etc.,  the  number  and  size  of  these  depend- 
ing upon  the  character  and  magnitude  of  the  business. 

All  these  different  rooms  and  departments  should  be  carefully 
considered  and  provided  for  in  the  original  plans.  It  is  not  wise 
to  build  what  appears  to  be  a  sufficiently  large  structure,  and  then 
try  to  fit  in  the  various  rooms  and  spaces  afterwards. 

In  many  cases  the  wires  arc  brought  in  directly  through  a 
portion  of  the  wall  of  the  building.  This  matter  has  been  dis- 
cussed by  C.  E.  Skinner  and  others.* 

•  Tnns.  Amcx.  lust.  tlcc.  Eng.,  July,  1903. 
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Stairs  and  Elevators  should  be  placed  outside  where  possible, 
or,  if  inside  the  building,  stairs  should  be  completely  partitioned 
off  from  the  room  below  with  brick  or  hard  wood,  and  provided 
with  self-closing  doors,  hung  at  the  bottom  of  the  flight.  Ele- 
vators should  be  completely  partitioned  off  by  brick  walls,  or  not 
incased  at  all,  but  provided  with  approved  self-closing  hatches. 

Inside  Finish.  —  There  should  be  as  Utile  as  possible  extra 
inside  finish,  such  as  sheathing,  lath,  plaster,  etc.,  that  would 
leave  concealed  places,  or  add  inHammable  material  to  the  station. 
If  the  building  be  of  brick,  the  inside  should  be  left  perfectly 
plain,  or  finished  with  paint  to  cover  the  roughness.  If  con- 
structed of  wood,  the  timbers  and  buarding  should  be  dressed  on 
the  inside,  if  a  rough  finish  is  undesirable. 

It  is  better  to  leave  the  inside  walls  and  ceilings  plain  and 
open,  and  sacrifice  appearance  for  safety  against  fire,  which 
central  stations  seem  to  have  been  particularly  liable  to.  The 
use  of  tiles  on  the  interior  walls,  which  is  quite  common  in 
Knglish  and  Continental  stations,  gives  a  finish  which  is  excel- 
lent in  appearance  and  cleanliness  ;  but  it  would  ordinarily  be 
looked  upon  as  an  extravagance  in  this  country,  where  first  cost 
s  considered  so  important. 

Fire  Doors  and  Shutters  may  be  made  of  two  thicknesses  of 
one-inch  matched  boards,  with  a  layer  of  asbestus  between,  and 
nailed  together  with  French  nails.  The  boards  should  run 
diagonally,  the  two  sides  in  opposite  directions,  to  give  strength. 
The  covering  should  be  tin,  laid  on  with  flat  lock,  securely  nailed 
under  the  lap,  covering  both  sides  and  edges  completely.  The 
frame  or  casing  should  be  as  securely  tin-clad  as  the  door  or 
shutter,  which  should  be  provided  with  a  strong  latch,  to  hold  it 
in  place.  These  doors  are  claimed  to  be  better  than  those  entirely 
made  of  wrought  iron,  for  the  reason  that  they  do  not  warp  so 
much  when  heated.  Fire  doors  and  shutters  of  corrugated  sheet 
iron  are  less  likely  to  warp  than  flat  plates,  and  are  frequently 
employed. 

Fire  Apparatus.  —  Automatic  sprinklers  may  be  arranged 
about  the   building;  but  they  would   be   rather  objectionable  in 

Ethe  dynamo  or  supply  rooms,  as  any  drip  from  them  would  cause 
serious  injury :  but  hydrants,  pumps,  fire-hose,  and  fire-buckets, 
the  last  being  kept  full  of  water,  should  be  provided  in.  %la.l\<SQ.% 
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to  an  extent  corresponding  to  the  importance  of  the  station,  and 
the  danger  of  fire. 

The  Chimney  is  usually  a  very  promi- 
nent feature  of  an  electric-Hght  station,  and 
its  design  and  construction  demand  con- 
siderable engineering  ability.  Great  differ- 
ence of  opinion  exists  as  to  the  rehtive 
desirability  of  brick  or  iron  smoke-stacks. 
The  former  is  more  substantial,  architec- 
turally better  in  appearance,  and  does  not 
lose  so  much  heat  by  radiation ;  but  the 
latter  is  cheaper  in  first  cost,  occupies  less 
spacCj  does  not  require  such  extremely  solid 
foundation,  and  is  not  so  likely  to  crack  and 
allow  cold  air  to  leak  in  as  the  former.  A 
brick  chimney  should  have  two  substantial 
walls,  with  an  air-space  between,  in  order  to 
prevent  the  cooling  and  the  cracking  of  the 
inner  wall  or  flue  proper. 

The  right  side  of  Fig.  10  shows  a  sec- 
tion, and  the  left  side  an  elevation,  of  a 
standard  brick  chimney,  dimensions,  etc. 
being  given.  The  almost  universal  rule 
is  that  the  external  diameter  of  a  brick 
chimney  at  the  bottom  should  be  at  least 
one-tenth  of  the  height,  in  order  to  give 
sufficient  stability  to  resist  wind-pressure. 
The  "  batter,"  or  taper,  of  a  brick  chimney 
should  be  from  i  to  i  inch  to  the  foot  on 
each  side.  Iron  stacks  should  be  lined 
with  brick  throughout  their  entire  height ; 
and  they  are  pre\'ented  from  overturning 
by  strong  lugs  and  bolts  at  the  bottom, 
and  by  stays  or  braces  of  iron  rod  fastened 
to  an  angle  iron  ring  at  two-thirds  the 
height  of  the  stack,  and  spreading  in  three 
or  more  directions  at  about  an  angle  of  46° 
to  the  horizontal,  being  securely  attached  to 
Up  la   BH^  CMimntf.        suitable  objects.     Iron  stacks  must  be  kept 
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mil  painted,  to  prevent  rust.  In  some  cases  self-supporting  iron 
chimneys,  consisting  of  sections  bolted  or  rivetted  together,  have 
been  used.  These  have  the  advantage  of  not  requiring  guys  or 
braces  of  any  kind.  The  height  of  chimney  required  for  a  central 
station  or  large  isolated  plant  would  be  from  100  to  200  feet, 
depending  upon  the  boiler-power.  In  the  case  of  small  isolated 
plants,  the  chimney  may  merely  form  part  of  the  walls  of  the 
building. 

For  further  information  regarding  foundations,  buildings,  etc., 
the  reader  is  referred  to  special  treatises  on  the  subject ;  such  as 
Masmry  Construction,  by  J.  O.  Baker,  Wiley,  N.Y.,  1891  ;  Build- 
itg  Construction,  Lippincott,  Philadelphia.  A  paper  by  William 
Brophy  on  "  Fire  in  Central  Stations  and  the  Question  of  In- 
surance," Electrical  Engineer,  N.Y.,  Aug.  23,  1893,  gives  the 
history  of  fires  in  central  stations,  and  suggestions  as  to  their 
prevention.  Papers  by  C.  J.  Field  on  "An  Ideal  Central  Power 
Station,"  Electrical  World,  Dec.  31,  1892,  and  by  M.  D.  Law 
on  "The  Perfect  Arc  Central  Station,"  Electrical  World,  Aug. 
1'^.  1889,  contain  much  practical  information  on  the  construction 
Md  arrangement  of  stations.  Continental  Electric  Light  Central 
Stations,  by  Kellingworth  Hedges,  Spon,  London  and  New 
Vork,  1892,  contains  illustrations  and  descriptions  of  most  of 
the  important  European  stations  at  the  time  of  the  Frankfort 
Electrical  Exposition  of  1891. 
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CHAPTER  VII. 

POSaiBLB  80URCBB   OF  SLBCTRICAIi  BKBROT. 

The  source  from  which  to  obtain  electrical  energy  is  obviously 
a  matter  uf  prime  importance.  It  is,  however,  a  most  difficult 
problem,  and  one  which  is  undergoing  great  change  and  progress  ^| 
at  the  present  time.  The  difficulty  of  the  problem  is  increased 
by  the  fact  that  it  involves  some  of  the  deepest  principles  and 
finest  points,  not  only  in  mechanical  and  electrical  engineering, 
but  also  in  chemistry,  being,  as  it  were,  on  the  border-line 
between  these  great  branches  of  applied  science. 

The   interest    and   importance  attached  to  this  subject  make, 
it  worth  while,  therefore,  to  carefully  consider  and  compare  th< 
various  methods  of  generating  electricity,  including  not  only  those 
which  arc  already  in  common  and  successful  use,  but  also  possi-j 
ble  methods,  even  though  they  be  not  yet  practical.     These  mayj 
be  arranged  as  shown  in  the  accompanying  table  :  — 

PoBinile  Jtfetbods  of  OononiUnB  deetrieal  BnarBT- 
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tides  and  the  internal  heat  of  the  earth,  are  derived  from  the 
radiant  energy  supplied  to  the  eartli  by  the  sun.  Of  these  pos- 
sible sources  only  two^fucl  and  water-power— ^re  now  used 
to  any  extent  to  produce  electrical  energy,  or,  indeed,  any  other 
form  of  energy  for  any  purpose  requiring  considerable  power. 

For  various  reasons,  chiefly  unreliability,  tlie  other  sources  are 
not  very  practical. 

Animal-power  can  be  used  to  generate  electrical  energy,  as 
in  the  case  of  a  snnall  dynamo  driven  by  hand;  but  the  power  is- 
very  small.  Even  a  strong  horse  working  in  a  treadmill  could 
hardly  drive  a  dynamo  of  sufficient  capacity  to  supply  ten  ordi- 
nary incandescent  lamps.  In  short,  animal-power  is  obviously 
inadequate  for  heavy  work. 

Wind-power  is  cheap  and  simple;  but  it  is  proverbially  unre- 
liable and  unsteady,  and  therefore  requires  the  use  of  storage  bat- 
teries and  rather  complicated  automatic  devices  for  connecting  the 
windmill,  dynamo,  and  storage  battery.  Another  limitation  is 
the  fact  that  the  power  obtained  is  sii^all.  For  example  a  wheel 
twenty  feel  in  diameter  develops  less  than  one  horsc-]X)wcr  with 
a  wind  of  sixteen  miles  per  hour.  This  subject  is  treated  further 
in  Chapter  XIV. 

Wavc-po-wer  is,  of  course,  primarily  derived  from  the  wind, 
but  it  is  not  quite  so  unreliable  or  unsteady.  There  are.  how- 
ever, great  difficulties  in  its  use.  It  is  not  practicable  to  drive  x. 
dynamo  directly  by  a  wave-motor.  One  plan  consists  in  oper- 
ating a  pump  by  the  up-and-down  motion  of  a  buoy.  Ihe 
water  from  the  pump  is  carried  through  a  pipe  to  a  reservoir  oi> 
the  shore.  This  supplies  a  water-motor  which  drives  a  dynamo. 
In  another  arrangement  the  water-motor  and  dynamo  arc  mounted 
on  the  buoy  and  the  water  is  pumped  into  a  chamber  under  con- 
siderable air  pressure,  but  it  is  difHcuIt  to  protect  the  dynamo 
from  moisture.  Articles  on  this  subject  appeared  in  the  *'  Elec- 
trical Engineer  "  (N.  Y.)  Nov.  25,  18»7.  and  "Western  Elec- 
trician "  Sept.  7,  1901. 

The  pffivtr  of  the  tides  is  really  due  to  the  energy  of  rotation 
of  the  earth  on  its  axis;  and,  tlieoretically,  any  resistance  to  the 
flow  of  the  tides  produces  an  infinitesimal  slowing  down  of  the 
earth.  Tide-power  is  almost  the  only  natural  power  not  derived 
from  the  sun,  and  is  more  practical  t/ian  wave-power.     1\\e  \\%Vk3^ 
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way  of  obtaining  it  is  to  allow  the  water  to  run  into  a  pond  at 
high  tide,  and  when  the  tide  begins  to  run  out,  a  gate  auto- 
matically closes.  When  the  water-level  outside  falls  a  sufficient 
amount,  the  water  in  the  pond  is  allowed  to  flow  out,  and  to 
operate  a  lurbiuc-whecl  which  drives  a  dynamo. 

This  power  is  much  less  likely  to  fail  than  ordinary  water- 
power,  being  nearly  constant  throughout  the  year,  except  that 
ice  would  be  apt  to  cause  trouble.  The  disadvantages  are  that 
the  turbine  can  only  be  run  twice  in  the  twenty-four  hours  for 
about  four  hours  each  time,  and  the  times  of  these  periods  change 
with  each  day.  This  would  necessitate  the  use  of  a  storage 
battery. 

It  is  evident  that  this  power  is  only  available  on  the  seacoast, 
and  then  only  at  places  having  a  large  rise  and  fall  of  tide,  which 
must  he  at  least  0  feet,  and  should  be  10  or  12,  since  the 
average  head  is  considerably  less.  It  is  not  likely  that  this 
source  of  energy  will  ever  be  largely  used  except  in  certain 
localities  for  small  amounts  of  power. 

Watcr-poxucr  is,  as  already  stated,  one  of  the  two  great 
sources  of  power  used  for  large  and  important  work.  It  is  very 
simple  in  principle,  and  involves  no  verj,-  difficult  theoretical  or 
practical  questions.  The  evaporative  action  of  the  sun  Hits  up, 
so  to  speak,  the  water,  which  afterward  condenses,  and  falls  as 
rain  upon  the  land  ;  and  in  running  to  the  sea  in  the  form  of  ^| 
rivers  or  streams  it  is  capable  of  giving  mechanical  energy  in  ^^ 
proportion  to  its  weight  and  the  height  through  which  it  descends, 
by  passing  it  through  a  turbine,  or  other  form  of  water-wheel, 
which,  in  turn,  drives  a  dynamo  that  generates  electricity.  Water* 
power  po.ssesses  the  advantages  of  simplicity  and  cheapness ;  but 
it  has  the  disadvantage  of  liability  to  fail  during  droughts  in 
summer,  and  is  subject  to  troubles  from  ice  and  floods  in  winter 
and  spring.  Water-power  is  usually  not  so  cheap  as  is  supposed, 
largely  because  of  its  unreliability ;  and  frequently  steam-power  is 
preferred,  even  where  water-power  is  available  The  amount  and 
accessibility  of  water-power  are  somewhat  limited ;  and.  with  the 
exception  of  Niagara  Kails,  most  of  the  water-power  in  the  thickly 
settled  parts  of  America  and  Europe  is  already  used. 

For  example,  the  water-power  at  Holyoke,  Mass.,  Rochester, 
Ti.Y.,  and  Paterson,  N.  J.,  which  are  about  the  largest   in   their 
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respective  States,  arc  already  nearly  all  used.  Some  countries, 
like  Switzerland,  have  more  than  enough  for  their  needs;  but 
thers,  like  England,  have  but  an  insignificant  fraction  of  what 
is  required.  The  long-distance  transmission  of  electrical  energy 
from  water-powers  tends  to  overcome  this  limitation.  But  it  is  a 
ct  that  most  of  the  power  developed  at  Niagara  is  used  locally 
for  electro-chemical  and  other  purposes.  Coal  is  so  cheap  in 
Buffalo  that  steam  power  can  be  produced  there  about  as  econom- 
ically as  electric  power  can  be  generated  at  Niagara  and  trans- 
mitted even  the  short  distance  of  twenty  miles.  On  the  Pacific 
coast  or  in  other  regions  where  coal  costs  more,  power  is  trans- 
mitted long  distances  advantageously. 

I  The  Heat  of  the  Sun  is  a  source  of  energy  of  enormous  quan- 
tit>',  the  total  heat  received  per  annum  from  the  sun  by  the 
earth  being  equivalent  to  tlic  combustion  of  a  layer  of  coal  eight 
inches  thick  covering  the  entire  surface  of  the  globe.  A  large 
part  of  this  heat  is,  however,  intercepted  by  clouds  and  the  atmos- 
phere. Moreover,  the  heat  requires  concentration  or  accumula- 
tion in  order  to  develop  any  considerable  power,  the  average 
quantity  of  heat  received  per  square  yard  upon  a  clear  day  being 
equal  to  about  one  horse-power.  Ericsson  and  others  have 
focussed  the  sun's  heat  by  lenses  or  mirrors,  and  operated  engines 
of  a  few  horse-power.  This  source  of  energy  has  the  insuperable 
difficulty  of  being  interrupted  by  cloudy  weather  for  weeks  at  a 
time.  If  this  heat  were  employed  to  operate  steam  or  other 
heat  engines,  the  case  would  be  very  similar  to  the  use  of  the 
heat  obtained  from  fuel,  which  will  be  discussed  later. 
I  Heat  of  the  Earth. — This  is  also  a  possible  source  of  energy 
of  vast  quantity.  It  manifests  itself  naturally  in  the  case  of 
thermal  springs,  volcanoes,  etc.  It  is  made  evident  artificially 
in  deep  mines  and  oil-wells.  A  well  near  Lcipsic,  Germany,  is 
5,740  feet  deep,  and  has  a  temperature  of  135.5**  F.  at  the 
bottom;  and  another  at  Wheeling,  \V.  Va.,  is  4.500  feet  deep, 
d  has  a  temperature  of  110.3"  F.  at  the  bottom.*  In  many 
other  places,  particularly  near  active  or  extinct  volcanoes,  the 
temperature  would  be  much  higher  at  a  given  depth.     This  can- 

tnot,  however,  be  said  to    be  a  practical    source    of  energy  at 
•  Sec  papers  by  Professor  W.  Hxllock.  Am<riian  Asx^ttation  for  the  AthancemtHt 
•fSotmt,  to).  iI..  1891,  and  »ol.  xlii,  1893;  also  Caitier's  Afajastrw,  Feb.,  iqov 
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present ;  but  it  is  by  no  means  impossible  that  deep  holes  might 
be  bored  in  favorable  localities  for  the  express  purpose  of  obtain- 
ing heat  from  the  earth.  To  obtain  mechanical  or  electrical 
power  from  this  heat  would,  as  in  the  case  of  the  sun's  heat,  be 
a  matter  similar  to  the  utilization  of  the  heat  of  fuel,  which  is 
the  next  subject  to  consider. 

Fuel.  — Tht:  use  nf  fuel  in  the  production  of  dectrical  energy 
is  one  (;f  the  most  momentous  and  difficult  problems  presented  to 
the  human  mind.  Even  a  fairly  satisfactory  solution  of  it  requires 
the  employment  of  some  of  the  most  important  principles  in  sci- 
ence and  engineering,  and  has  a  very  great  effect  upon  civilization. 
A  direct  and  satisfactory  solution  of  this  grand  problem  is  the 
hope  and  aim  of  many  of  the  greatest  living  men  nf  science;  and 
its  probable  ciTect  \vould  be  to  revolutionize  present  methods  in 
agriculture,  mining,  manufacturing,  commerce,  and  even  domestic 
economy. 

The  energy  in  fuel  cxi.sta  in  the  form  of  chemical  affinity ;  that 
is,  the  alums  of  carbon  and  hydrogen  of  which  it  is  composed 
have  a  very  strong  affinity  for  oxygen  ;  and  under  proper  condi- 
tions combination  takes  place,  the  chemical  energy  possessed  by 
the  fuel  being  converted  into  some  other  form  of  energy,  usually 
that  of  heat.  This  energy  in  the  fuel  is  latent  or  potential  energy 
similar  to  tliat  of  a  stretched  spring,  which  is  entirely  inactive 
until  it  is  released.  In  fact,  carbon  is  one  of  the  most  inert  of 
all  substances  at  ordinary  temperatures,  and  will  exist  without 
sensible  action  or  change  for  centuries.  This  potential  energy  of 
fuel  is  stored  in  it  by  the  action  of  the  sun's  rays  upon  plant-cells 
in  which  carbon  dioxide  is  decomposed,  carbonaceous  material 
being  formed  and  oxygen  set  free.  This  carbonaceous  material 
can  be  used  immediately  as  fuel,  as  in  the  case  of  wood  ;  or  it 
may  be  converted  into  peat,  coal,  etc.,  by  long-continued  natural 
processes. 

The  ordinary  method  of  obtaining  energy  from  fuel  is  that  of 
combustion,  which  consists  in  causing  the  carbon  to  combine  with 
the  oxygen  of  the  air,  producing  carbon  dioxide  again,  and  gener- 
ating an  enormous  amoimt  of  energy  in  the  form  of  heat.  This 
combination  does  not  ordinarily  take  place  except  at  a  high  tem- 
perature, usually  about  a  red  heat,  which  is  the  condition  neces- 
sary for  the  action. 
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Steam-Engines.  —  The  heat  energy  produced  by  combustion 
can  be  applied  in  various  ways  to  produce  mechanical  or  electrical 
energy,  the  most  common  method  being  to  cause  it  to  evaporate 
water  in  a  boiler,  the  steam  produced  being  used  in  the  cylinder 
of  a  steam-engine  to  move  the  piston  and  produce  mechanical 
power.  In  the  gas-engine  the  fuel  in  the  form  of  gas  (which  may 
be  either  natural  gas  or  some  liquid  or  solid  form  of  fuel  pre- 
viously converted  into  gas)  is  caused  to  combine  with  the  oxygen 
of  the  air  directly  in  the  cylinder  of  a  suitable  machine,  the  com- 
bined gases  being  raised  to  a  high  pressure  by  the  combustion, 
thereby  actuating  the  engine.  These  and  other  similar  forms  of 
machine  are  called  heat-engines ;  and  with  the  exception  of  water- 
wheels  they  are  practically  the  only  prime-movers  or  original 
sources  of  power  used  for  generating  electrical  energy  or  for  any 
other  useful  purpose,  and  they  have  contributed  more  than  any 
other  factor  to  modern  civilization, 

Nevertheless,  there  are  certain  inherent  theoretical  and  prac- 
tical difficulties  which  apparently  leave  much  room  for  radical 
improvement  in  the  production  of  mechanical  and  electrical 
energy  from  fuel.  In  the  first  place,  the  method  now  ordinarily 
employed  to  generate  electricity  is  very  roundabout.  It  consists, 
first,  in  burning  coal  under  a  boiler ;  second,  evaporating  water  in 
the  boiler ;  third,  conveying  the  steam  to  the  cylinder  of  the 
engine ;  fourth,  allowing  the  steam  to  expand  and  move  the 
piston  ;  fifth,  transmitting  the  motion  of  the  piston  by  means  of 
mechanism  to  produce  rotation  of  the  shaft  of  the  engine ;  sixth, 
causing  the  rotation  of  the  dynamo  by  mechanical  connection  with 
the  engine ;  seventh,  generating  electric  currents  in  the  dynamo 
by  revolving  conductors  in  a  magnetic  field.  Thus  we  see  that 
there  are  seven  distinct  steps  in  the  process  of  generating  elec- 
tricity, for  which  three  large  and  expensive  pieces  of  apparatus  are 
required ;  viz.,  boiler,  steam-engine,  and  dynamo,  each  of  which 
has  a  great  many  parts  and  requires  considerable  attention ; 
and  these  three  main  pieces  of  apparatus  have  to  be  connected 
together  by  piping,  mechanism,  etc.,  which  still  further  compli- 
cate the  plant. 

In  addition  to  the  very  objectionable  indirectness  of  the  pres- 
ent method  of  generating  electricity  with  the  steam-engine  and 
dynamo,   there  is  a  theoretical  limitation  to  the  efficiency  of  a 
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heat-engine  which  is  stiU  more  serious.     The  greatest  possible 
efficiency  of  any  heat-engine  is  expressed  by  the  formula  £"  = 


r, 


in  which  7",  is  the  initial  absolute  temperature  and   7^ 


\ 


the  final  absolute  temperature.  This  fonnula  is  derived  from  the 
second  law  of  therrao-dynamics,  and  signifies  that  if  steam  or  hot 
gases  enter  the  cylinder  of  a  heat-engine,  and  begin  to  act  at  a 
temperature  Ty,  and  cease  to  act  and  pass  out  at  a  temperature 
7i,  then  the  maximum  possible  efficiency  of  that  engine  is  given 
by  the  formula.  For  example,  an  ordinary  non-condensing  engine 
receiving  steam  at  80  lbs.  pressure,  which  is  equivalent  to  a  tem- 
perature of  162"  C,  and  exhausting  or  giving  out  steam  at  the 
atmospheric  pressure  of  15  lbs.,  equivalent  to  100*  C.»  would  have 
an  efficiency 

273  +  162  *  *^ 

This  efficiency  is  theoretical,  and  takes  no  account  of  friction,' 
radiation  of  heat,  cylinder  condensation,  and  other  losses,  and  must 
therefore  be  still  further  reduced  in  order  to  represent  the  actual 
or  net  efficiency  given  by  the  engine.  These  losses  often  amount 
to  a  large  fraction  of  the  total  theoretical  power  of  the  engine. 
Assuming,  therefore,  that  the  theoretical  efficiency  of  a  given 
engine  is  15  to  20  per  cent,  as  calculated  by  the  above  formula, 
then  the  actual  commercial  efficiency  will  be  in  the  neighborhood 
of  8  to  12  per  cent.  As  a  matter  of  fact,  these  figures  are 
approximately  the  theoretical  and  actual  efficiencies  given  by  g<K»d 
steam-engines  in  ordinary  practice.  Another  way  to  arrive  at  this 
same  fact,  and  one  which  is  more  concrete,  is  to  compare  the 
actual  consumption  of  coal  per  horse-power  hour  with  the  amount 
of  coal  that  would  be  required  if  the  entire  energy  were  converted 
into  mechanical  work.  The  amount  of  heat-energy  produced  by 
the  complete  combustion  of  a  pound  of  good  coal  is  about  1 3,000 
units  (pound-Fahr.),  equal  to  about  10,  OuO.OOO  foot-pounds,  which 
would  give  one  horse-power  for  five  hours  ;  consequently  the 
amount  of  coal  required  per  horse-power  hour  is  only  .2  lb.  The 
actual  coal  consumption  in  the  best  steam-engines  is  1  to  2  lbs. 
per  horse-power  hour,  and  ordinary  engines  use  3  or  4  lbs.,  or 
even  more  ;  hence  the  real  consumption  of  coal  is  five  to  twenty- 
times  the  theoretical  amount  which  would  be  required  if  all  the 
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heat  were  converted  into  mechanical  power.     The  simple  reason 
why  the  theoretical  efficiency  of  a  heat-engine  is  ordinarily  far 
below   100   per  cent,  even   without   taking   account    of    friction, 
etc.,  is  the  fact  that  a  great  <kal  of  the  heat-energy  of  the  steam 
or  gas  passes  out  of  the  cylinder  in  the  exhaust,  and  is  not  con- 
verted into  mechanical  energy.     It  is  analogous  to  the  case  of  a 
Tvaicr-wheel  which  only  utilizes  a  small  fraction  of  the  total  fall  or 
d  of  water.     This  fact  is  clearly  shown  by  the  formula  given 
we,  in  which    T^  represents  the  tem|>erature  of  the  out  going 
team  or  gas.    If  this  temperature  were  absolute  zero  (  —  273"  C), 
en  the  efficiency  would  be  100  per  cent.     If,  on  the  other  hand, 
^ihc  temperature  7*^  Is  considerably  above  absolute  zero,  then  the 
efficiency  is  correspondingly  reduced  below  100  per  cent.     As  a 
natter  of  fact,  the  temperature  of  the  exhaust  of  non-condensing 
engines  is  at  least  100°  C,  or  373°  absolute;  and  in  the  case  of 
condensing  engines,  T^  is  about  300°  to  325^  absolute.     Now,  it 
would  not   seem   to   be  possible   to  reduce  these  temperatures 
iurthcr,  for  the  simple  reason  that  a  non-condensing  engine  can- 
not have  a  temperature  in  the  exhaust  below  boiling-point ;  and  the 
temperature  of  water  for  condensation  cannot  be  below  freezing, 
nxl  is   usually    considerably    above    t^at    point.     The    inference 
would  therefore  be  that  the  only  practical  method  of  improving 
^   the  efficiency  of  a  heat-engine  is  to  raise  the  initial  temperature 
^b  o(  the  steam  or  gas.     In  point   of  fact,  this  is  the  way  that 
^m  the  efficiency   of   heat-engines  has  been,  and   is   now  being,   in- 
^m   Cfcascd.      In  the  time  of  James  Watt,  very  low  steam -pressures 
*ttc  employed,  usually  about  5  or  10  lbs.  per  square  inch ;  and 
'j^forc  that   lime  even   lower   pressures,    of   2    or   3   lbs.,  were 
"s«!.    These   low  initial   pressures,  and  therefore  temperatures, 
'*'=«ssarily  meant  low  efficiency  and  large  consumption  of  coal 
pO"  horse-power  hour.     Since  that  time  steam -pressures  have 
I         Unsteadily  and  greatly  increased,  until  we  now  have  1 50  or  even 
900  lbs.  pressure  in  common  use.     Indeed,  the  principal  improve- 
n^cnt  in  the  steam-engine  during  the  last  hundred  years  has  been 
the  increase  of  steam-pressure  and  the  necessary  strengthening 
^Jxl  modification  of  the  boilers,  engine;?  and  steam  piping  to  en- 
''il':  them   to   withstand   these  high   pressures,  which  not  only 
g"3tly  augment  the  efficiency,  but  also  produce  much  more  power 
i"  tile  same  size  of  engine. 


78 


ELECTRIC  UG//T/JVG. 


Obviously  great  difficulties  are  encountered  in  largely  increas- 
ing the  pressure.  In  the  case  of  the  steani-boiler  there  are  at 
least  two  serious  obstacles,  which  are  apparently  inherent  and 
almost  insurmountable.  The  first  of  these  is  the  fact  that  the 
thickness  of  the  boiler,  upon  which  its  strength  largely  depends, 
cannot  be  very  much  increased  without  reducing  the  passage  of 
heat  through  it,  and  without  adding  enormous  weight  and  cost 
to  the  boiler,  the  surface  required  being  large.  There  are  also 
practical  difficulties  in  the  construction  of  a  boiler  of  very  thick 
metal.  A  still  more  serious  difficulty  is  the  fact  that,  as  the 
pressure,  and  therefore  temperature,  of  the  steam  are  raised,  a 
point  is  finally  reached  at  which  the  strength  of  the  boiler  begins 
to  be  reduced  by  the  heat,  and  would  not  permit  further  increase 
of  pressure.  The  difficulty  of  lubrication  at  high  temperatures  is 
also  a  serious  obstacle. 

Gas-Eogines. — In  these  respects  the  gas-engine  may  claim  to 
possess  great  advantages  over  the  steam-engine  in  its  possible 
ultimate  cfRcicnc)-,  for  the  reason  that  the  high  pressure  and 
temperature  arc  produced  directly  in  the  cylinder,  which  can  be 
made  of  almost  unlimited  thickness,  since  it  is  comparatively 
small,  and  the  lieat  does  not  have  to  be  transmitted  through  its 
walls.  In  this  way  we  entirely  eliminate  the  steam-boiler,  which 
is  the  chief  limitation  to  the  increase  of  steam -pressure.  It  can- 
not be  said  that  the  gas-engine  has  as  yet  realized  all  of  this  great 
advantage  over  the  steam-engine.  Nevertheless  there  are  gas- 
engines  working  to-day  that  show  theoretical  and  actual  efficien- 
cies considerably  higher  than  those  of  the  best  steam-engines. 
(See  table  on  p.  80.)  Professor  Unwin  stated  in  his  lecture 
before  the  Society  of  Arts,  January,  1893,  that  gas-engines  had 
already  given  a  thermal  efficiency  twice  that  of  large  steam-  fl 
engines.  Professor  Ewing  *  has  pointed  out  that  the  theoretical 
efficiency  of  the  gas-engine  would  be  87  per  cent  if  the  initial 
temperature  were  that  of  combustion,  and  the  final  temperature 
that  of  the  ordinary  atmosphere.  Previous  compression  of  the 
gas  would,  of  course,  be  necessary,  and  all  friction  and  other 
losses  would  have  to  be  eliminated.  Assuming,  however,  that 
these  losses  amount  to  one-half  of  the  theoretical  power  of  the 
engine,  an  actual  efficiency  of  4^^  per  cent  could  still  be  obtained, 
which  would  be  about  four  times  the  net  efficiency  of  the  best 

•  .Article  oQ  '-Steam  Engint,"  Ency.  JnV.,  1887. 
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Steam-engines  of  the  present  day.  The  present  gas-engines  still 
have  several  practical  difficulties,  and  will  have  to  be  consider- 
ably improved  before  very  high  efficiencies  can  be  secured  ;  but 
they  possess  the  possibility  of  efficiencies  much  greater  than  those 
of  the  steam-engine.  To  show  that  a  very  high  efficiency  is  not 
entirely  visionary,  we  can  refer  to  the  cannon,  which  is  really  a 
gas-engine,  since  it  converts  heat-energy  into  mechanical  energy. 
Professor  Thurston  states  that  a  cannon  actually  has  a  thermo- 
dynamic efficiency  of  about  50  per  cent.* 

The  hot-air  engine  has  been  developed  by  Ericsson  and 
others,  but  is  too  far  inferior  to  the  steam-  or  gas-engine  in  effi- 
ciency and  output  to  be  used  where  more  than  a  fraction  of  a 
horse-power  is  needed. 

The  remarkable  increase  in  economy  which  has  been  secured 
during  the  last  few  years  by  the  use  of  compound,  triple-expan- 
sion, and  quadruple-expansion  steam-engines  for  both  marine  and 
land  work,  might  lead  one  to  imagine  that  this  improvement  can 
be  carried  on  almost  indefinitely.  As  a  matter  of  fact,  however, 
compound  engines  are  just  as  surely  limited  in  their  theoretical 
efficiency  as  the  simple  engine.  Their  efficiency  depends  upon 
the  initial  and  final  temperatures  of  the  steam  as  expressed  by 
the  formula  discussed  above,  just  as  truly  as  in  the  case  of  any 
other  heat-engine.  The  greater  economy  of  compound  engines 
is  largely  due  to  the  reduction  of  cylinder  condensation  by  avoid- 
ing large  ranges  of  temperature  in  any  one  cylinder.  This  simply 
means  that  the  simple  engine  would  have  larger  losses,  and  its 
actual  efficiency  would  be  much  less  than  the  theoretical ;  whereas, 
in  the  case  of  a  compound  engine  the  actual  efficiency  would 
approximate  more  closely  to  the  theoretical.  Compound  engines 
thus  enable  higher  pressures  to  be  used  without  having  the  great 
losses  due  to  cylinder  condensation  which  would  occur  in  simple 
engines.  It  has  been  shown  above,  however,  that  apparently 
there  are  practical  limits  to  the  increase  of  the  initial  tempera- 
ture ;  and  it  is  a  fact  that  even  if  the  boiler  could  be  kept  at  a  red 
heat,  the  theoretical  efficiency  of  the  steam-engine  would  only  be 
about  60  per  cent,  and  the  actual  efficiency  of  course  considerably 
lower. 

TJu  substitution  of  other  fluids  for  water  in  boilers  and  engines 

•  Scieme^  Oct.  31,  1891. 
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is  one  of  the  methods  employed  to  secure  higher  efficiency.  For 
example,  some  volatile  liquid,  like  carbon  bisulphide  or  sulphur 
dioxide,  Is  used  Instead  of,  or  supplcmentarj'  to,  water.  This 
introduces  difficulties,  however,  and  does  not  greatly  increase  the 
efficiency,  because  the  final  temperature  is  not  materially  lowered. 
The  efficiencies  of  various  steam-  and  gas-engines  are  com- 
pared in  the  following  table  given  by  Professor  R.  C.  Carpenter, 

STCAJC.ENOrNS:  AND  OAB-EINOnrE:  EFTICnSNCIES. 

Simple.  Don-condensing  stc^m-cngjoc 4    to  6  S.8  to    4.3 

Compound,  coitdensin^,  slide-valve  stesim-engiDe 8  7.1 

Corliss                  ••          a    to  3.5  10.6  to    aS 

Triple rxpani4un,"                                            «            l|toS  \%.%  to  10-0 

Quadruple  "         "                                          "           \\  lo  1|  14.1  to  12,7 

10    H.  P.  gu«ngine Ifl 

100    "        "       •'      M 

800     "        "       "      98 

Direct  Conversion  of  Fuel  Energy — The  hcat-cnginc,  con- 
sidered from  all  these  points  of  view,  does  not  seem  to  aflbrd 
much  encouragement  for  high  efficiency  in  the  conversion  of  fuel- 
energy  into  mechanical  energy,  except,  perhaps,  in  the  case  of 
tlic  gas-engine,  which,  however,  still  needs  radical  improvements. 
Moreover,  in  the  generation  of  electrical  energy  the  production 
of  mechanical  energy  is  merely  a  step,  and  the  dynamo  must  be 
used  to  convert  the  mechanical  into  electrical  energy;  and  although 
tlie  dynamo  is  one  of  the  most  efficient  and  most  perfect  machines 
in  existence,  nevertheless  our  present  method  of  producing  elec- 
tricity by  means  of  a  boiler,  steam-engine,  and  dynamo  is  very- 
indirect  and  complicated.  The  dream  of  the  electrical  engineer 
and  scientist  has  therefore  been  to  convert  the  energy  of  fuel 
directly  into  electrical  energy,  but  as  yet  little  or  no  practical 
progress  has  been  made  in  this  direction. 

Thermoelectric  Batteries. — It  is  possible  to  burn  coal,  gas, 
or  other  fuel,  and  use  the  heat  produced,  in  a  thermo-electric 
battery  to  generate  electric  currents  directly.  In  simplicity  this 
process  is  all  that  could  be  desired,  since  there  is  only  one  simple 
apparatus,  without  any  moving  parts,  which  is  as  harmless  and 
easily  taken  care  of  as  an  ordinary  stove,  but  unfortunately  the 
efficiency  is  very  low;  in  fact,  it  is  limited  by  the  same  law  as 
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the  heat-engine,  and  is  expressed  by  the  same  formula, 


which  T",  and  T,  are  the  temperatures  of  the  ends  of  tlie  elements. 
The  possible  differences  of  temperature  between  the  ends  would 
not  seem  to  be  so  limited  as  the  possible  temperature  of  a  steam- 
boiler.  There  are.  however,  many  practical  difficulties  in  main- 
taining:  one  end  of  the  elements  at  a  very  high  temperature  and 
the  other  end  at  a  low  temperature;  and  great  trouble  has  been 
found  in  making  perfect  joints  between  dissimilar  metals  which 
would  not  crack  after  repeated  heating  and  cooling. 

Many  persons  think  that  there  is  an  inherent  deterioration 
of  a  thermo-electric  battery  which  necessarily  occurs  after  any 
considerable  period  of  action.  The  author  has  made  numerous 
experiments  in  connection  with  these  batteries,  and  has  seen  some 
of  them  which  have  been  in  use  several  months  almost  continu- 
ously giving  a  fair  output  of  .05  volt  external  potential  difference, 
and  5  amperes  per  element  (1  X  1  X  -1  inches),  without  any  appar- 
ent diminution  in  activity.  There  would  seem  to  be  no  renson 
why  there  should  be  any  such  inevitable  deterioration,  beyond 
llic  fact  that  it  Is  difficult  to  make  a  permanent  joint  between  dis- 
similar metals,  as  already  stated.  This  difficulty  can  be,  in  fact 
it  has  been,  overcome  by  proper  mechanical  design  and  con- 
struction. The  real  difficulty  is  the  low  efficiency  and  small 
output  of  thermo-electric  batteries.  Probably  the  best  results  so 
far  obtained  do  not  give  an  efficiency  over  one  or  two  per  cent; 
that  is.  not  more  than  one  or  two  per  cent  of  the  hcat-energ^y 
i»  converted  into  electrical  energy,  and  probably  the  best  output 
so  far  obtained  is  that  stated  above. 

The  Thermo-magnetic  or  E^o-magnetic  Generator  has  been 
experimented  upon  by  Edtson*  and  others.  The  action  of  this 
form  of  electric  generator  depends  upon  the  fact  that  iron  or 
nickel  loses  almost  all  its  power  to  conduct  magnetism  when 
heated  to  a  certain  temperature.  If,  therefore,  a  core  of  iron 
surrounded  by  a  coil  be  connected  to  a  magnet  by  means  of  thin 
strips  of  iron  or  nickel,  a  current  is  generated  in  the  coil  of  wire 
when  the  strips  arc  alternately  heated  and  cooled,  because  the 
lines  of  force  are  first  cut  off*,  then  allowed  to  pass,  and  so  on. 


•  ElettritiU  Worlds  Aui.  S7,  1887. 
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This  machine  has  the  same  disadvantages  as  the  thermo-electric 
battery,  being  low  in  efficiency,  and  requiring  a  large  apparatus 
for  a  comparatively  small  output. 

It  should  be  observed  that  neither  thermo-electric  northermo- 
magnetic  generators  are  true  cases  of  the  "  direct  conversion  "  of 
fuel  energy  into  electricity.  In  both  of  them  the  energy  is  first 
converted  into  heat,  which  introduces  a  certain  indirectness,  and. 
what  is  more  objectionable,  brings  the  apparatus  under  the  second 
law  of  thermo-dynamics.  and  thereby  tends  to  make  the  efficiency 
very  low,  which  is  characteristic  of  all  apparatus  for  converting 
beat-energy  into  any  other  form  of  energy. 

Primary  Batteries. — Numerous  attempts  have  been  made 
to  accomplish  the  strictly  direct  conversion  of  fuel-energy  into- 
electricity,  but  none  of  them  can  be  said  to  be  at  all  practi- 
cable. Jablochkoff,  in  1877,  patented  a  voltaic  battery  in  which 
carbon  was  used  as  the  positive  plate,  the  exciting-fluid  being 
fused  potassium  nitrate.  This  battery  is  similar  in  principle  to 
an  ordinary  Daniell  battery,  but  the  electric  current  is  actually 
produced  directly  from  the  chemical  energy  of  fuel,  and  the 
theoretical  efficiency  might  be  nearly  100  per  cent;  but,  unfor- 
tunately, the  active  fluid,  or  depolarizer,  in  this  battery  is  very 
expensive.  Attempts  have  therefore  been  made  by  other  inven- 
tors and  experimenters  to  use  some  fused  compound  which  could 
be  reoxidized  by  passing  air  through  it.  For  example,  fused 
sodium  manganate  will  act  in  that  way,  but  it  has  practical  diffi- 
culties. 

One  of  the  most  serious  of  these  troubles  is  the  fact  that  the 
E.M.F.  would  be  very  low,  only  about  one  volt,  and  the  internal 
resistance  could  not  be  made  low  enough  to  give  a  large  out- 
put of  current  with  this  low  E.M.F.  It  necessitates,  therefore,  a 
large  apparatus  to  generate  even  one  horse-power.  The  low  volt- 
age would  require  a  large  number  of  cells  to  be  used  for  most 
practical  purposes,  or  else  transformation  by  means  of  a  dyna- 
motor.  There  would  be  a  tendency  to  an  accumulation  of 
impurities  in  the  cell,  brought  there  by  the  fuel,  which  would 
necessitate  the  renewal  of  the  fused  compound,  and  involve  con- 
siderable expense.  Otlier  forms  of  voltaic  battery  might  be 
employed  for  direct  conversion,   such,   for  example,  as  a  gaS'- 


I 
I 

■ 

I 
I 


POSSIBLE   SaVRCES   OF  ELECTRICAL   ENERGY.  83 

battery  consisting  of  two  electrodes,  one  of  which  is  supplied 
with  hydrogen  or  carbonic  oxide  produced  by  gasifying  the 
fuel,  and  the  other  is  fed  with  the  oxygen  of  the  air.  Bat- 
teries of  this  sort  have  been  tried ;  but  it  is  difficult  to  supply 
the  gases'  at  the  surfaces  of  the  plates  under  the  liquid,  where 
it  is  necessary  that  the  action  should  take  place. 

The  ordinary  primary  battery  is  almost  a  case  of  direct  con- 
version. Commercial  zinc  is  produced  by  the  chemical  action 
of  fuel  (carbon)  upon  oxide  of  zinc.  This  zinc  is  used  in  a 
cell  where  it  combines,  usually  with  sulphuric  acid  to  form  sul- 
phate of  zinc.  The  energy  of  the  combination  is  given  out  in 
the  form  of  electric  current.  The  author  has  elsewhere  dis- 
cussed primary  batteries  in  detail,  and  given  various  data  of 
E.M.F.,  cost,  etc.,  of  different  combinations.*  These  figures 
are  not  encouraging,  even  theoretically ;  and  it  is  of  course  a 
well-known  fact  that  this  source  of  current  is  not  at  all  satisfac- 
tory when  any  considerable  amount  of  current  is  required. 

The  principal  objections  to  primary  batteries  are  high  cost, 
large  space  occupied,  and  great  trouble  in  maintenance.  In  the 
paper  cited,  it  is  shown  that  in  the  cheapest  cell,  the  Bunsen, 
the  cost  of  the  theoretical  amount  of  material  required  would  be 
20  cents  per  horse-power  hour,  to  which  must  be  added  a  con- 
siderable amount  for  waste  material,  and  for  labor  in  taking 
care  of  the  battery;  making  a  total  cost  of  at  least  30  cents 
|>er  horse-power  hour.  This  is  about  30  times  as  great  as  the 
cost  of  electric  power  generated  by  means  of  the  engine  and 
dynamo,  and  makes  this  source  of  energy  entirely  out  of  the 
question  where  anything  more  than  a  small  fraction  of  a  horse- 
power is  needed.  The  zinc  alone  in  a  primary  battery  costs 
about  10  cents  per  horse-power  hour ;  hence  it  would  not  help 
matters  much  if  some  depolarizer  were  discovered  which  would 
cost  nothing.  This  shows  the  absurdity  of  the  commonly  adver- 
tised claims  of  a  cheap  depolarizer,  with  which  a  primary  bat- 
ter)' can  supply  "a  large  number  of  .electric  lights  at  a  merely 
nominal  cost." 

The  other  common  claim  of  a  battery  in  which  very  little 
zinc    is    consumed    is   equally   preposterous,   since    it    is    a  well- 

•  "  Possitnlilics  and  Limitations  of  Chemical  Generators  of  Eleciricily,"  Trans., 
ytm.  ImsI.  Elt(.  Eng.,  May,  1888.  The  EUitrUal  Engineer,  June,  1888. 
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knuwn  fact  that  at  least  1.22  grams  of  zinc  must  be  consumed 
per  am))ere  hour.  Hence  we  can  calculate  that  if  the  E.M.F1 
were  two  volts,  it  would  require  almost  exactly  nne  pound 
of  zinc  per  horse-power  hour.  This  voltage  is  about  as  high 
as  can  be  obtained  in  primary  batteries;  but  even  if  twice  this 
voltage  could  be  obtained,  which  is  practically  impossible,  it 
would  still  require  \  lb.  of  zinc  per  horse-power  hour.  The 
advantage  of  all  these  voltaic  or  chemical  generators  of  elec- 
tricity is  that  they  are  not  limited  by  the  second  law  of  thermo- 
dynamics. They  can  therefore  have  a  theoretical  efficiency  of 
nearly  100  per  cent,  and  sometimes  actually  have  a  practical 
efficiency  of  over  90  per  cent.  In  this  respect  they  are  much 
more  hopeful  than  the  apparatus  in  which  heat-energy  is  con- 
verted into  mechanical  or  electrical  energy,  but  practically  they 
are  far  inferior  at  present. 

The  conclusion  drawn  from  the  foregoing  study  of  the  pos- 
sibilities of  generating  electricity  very  directly  and  cheaply  is 
not  particularly  encouraging,  and  it  would  seem  that  there  is  no 
great  hope  of  a  radical  improvement  in  this  direction  in  the 
near  future.  Apparently  it  will  he  necessary  to  content  our- 
selves with  the  gradual  but  steady  improvement  of  the  means 
which  wu  already  have.  It  is  possible,  however,  that  som^ 
entirely  new  principle  may  be  discovered  by  which- electricity 
can  be  produced  ;  but  it  cannot  be  said  that  there  is  any  imme- 
diate prospect  or  inditation  of  such  a  discovery,  although  there 
may  be  hundreds  t>f  inve-Htigators  working  directly  or  indirectly 
u|>on  this  fascinating  problem  in  well-equipped  laboratories,  both 
collegiate  and  commercial. 

On  the  other  hand  Lhrrc  are  excellent  reasons  for  expecting  great 
improvements  in  the  lamp  or  Itghl-giving  device  itself.  For  example, 
we  liave  the  irilcrcsting  fad  ihat  the  glowworm  prf»duccs  light  with 
an  cflicicncy  far  higher  than  that  of  any  artificial  mctho*!.  Professor 
Langley  has  shown  that  an  ordinary  gas-humtT  emits  400  limes  as 
much  heat  as  a  glowworm  when  they  btiLh  gi\-e  exactly  the  same  amount 
of  light.  In  othiT  wunis,  nearly  all  of  the  cnerg)'  given  out  by  a  gas- 
bumtrris  invisible  heal,  which  cunt ribulcs  nothing  to  the  lighting  effect; 
whereas,  in  the  cise  of  the  glowworm,  a  large  portion  of  the  energy 
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emitted  is  in  the  luminous  part  of  the  spectrum.  The  incandes- 
cent lamp  is  ten  times  better  in  this  respect  than  the  gas-burner, 
but  still  only  one-fortieth  as  efficient  as  the  glowworm.  Hence 
there  is  an  enormous  margin  for  bettering  the  economy  of  arti- 
ficial methods  of  illumination. 

The  early  commercial  incandescent  lamps  made  by  Edison 
consumed  more  than  5  watts  per  candle  power,  whereas  the 
present  standard  lamps  require  only  3.1  watts  per  candle.  On 
the  other  hand  the  average  efficiency  of  arc-lamps  has  actually 
diminished  during  the  same  perfod,  because  the  open,  direct- 
current  arc  is  more  efficient  than  the  inclosed  and  alternating- 
current  types  by  which  it  has  to  a  large  extent  been  replaced. 
The  explanation  of  this  anomalous  change  is  to  be  found  in  the 
fact  that  the  inclosed  form  saves  trouble  in  renewal  of  carbons 
and  the  alternating-current  lamps  permit  the  operation  of  a  large 
number  from  one  generator,  as  stated  on  page  51. 

There  are,  however,  new  kinds  of  lamp  that  show  higher  effi- 
ciency than  the  ordinary  incandescent  or  even  arc  types.  The 
Nernst  lamp  is  about  twice,  and  the  Hewitt  lamp  about  ten  times 
as  efficient  as  the  carbon-filament  incandescent  form.  These  gains 
of  100  and  900  per  cent  respectively  are  far  greater  than  tlie  small 
and  slow  advances  made  in  the  economy  of  steam-engines  and 
surpass  even  the  possibilities  of  improvement  in  gas-engines,  the 
promising  features  of  which  were  given  on  page  78. 
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Introduction.  —  A  general  study  and  comparison  of  the  various 
methods  of  generating  electricity  have  already  been  given  in 
the  last  chapter,  including  the  principles  of  the  conversion  of 
heat  into  mechanical  energy  by  means  of  steam  and  other  heat 
engines.  In  taking  up  the  special  consideration  of  the  steam- 
engine,  it  will  be  interesting  and  profitable  to  review  briefly  the 
history  of  the  machine  which  has  been  such  an  important  factor 
in  modem  civilization,  because  of  its  general  applications,  and 
because  it  is  one  of  the  principal  sources  of  power  employed  to 
generate  elcctrictty. 

Historical  Notes.  —  The  starting-point  in  the  history  of  the 
steam^:nginc  is  always  stated  to  be  the  simple  rotary  engine 
devised  by  Hero  of  Alexandria  about  two  thousand  years  ago. 
This  engine,  a  slcam-fountain,  and  his  many  other  steam-appa- 
ratuSf  were  only  toys,  however,  and  were  never  applied  to  any 
useful  purpose.  The  next  great  step  was  made  by  the  Marquis 
of  Worcester,  who  built  a  steam-engine  which  was  an  actual 
working  machine  of  considerable  size  and  power.  The  exact  date 
when  this  machine  was  made  is  not  known,  but  it  was  probably 
about  HJ*J8.*  Me  published  a  very  obscure  description  of  it  in 
the  Century  of  Itiven/ions  in  IfiGS.  The  facts  in  regard  to  this 
remarkable  machine  are  shrouded  in  considerable  doubt  and  mys-  I 
tcry,  probably  because  of  the  actual  danger  of  jiersecution  to 
which  any  one  exposed  himself  in  those  early  days  by  bringing 
out  any  invention,  particularly  such  a  radical  one  as  the  steam- 
engine.  It  appears  that  the  engine  contained  the  important 
improvement  of  a  separate  boiler,  and,  in  fact,  possessed  many 
features  that  showed  the  remarkable  genius  of  its  inventor. 

Thomas  Savery,  in  1698,  obtained  a  patent  for  a  water-raising 
apparatus,  which  was  the  first  real  attempt  to  use  a  steam-engine 
commercially.     This  engine  acted  merely  by  the  pressure  of  steam 

•  Thuiitoa,   GrffoiUt  «J  thf  SUam  Engine. 
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Upon  the  surface  of  the  water  in  two  chambers  acting  alternately, 
and  did  not  contain   any  piston   or  cylinder.     Denis    Papin    had 
previous    to  this    time   {1090)   described    a   cylinder   and    piston 
engine,  and  had  even  suggested  the  utilization  of  the  condensing- 
power  of  steam  ;  but  the  form  described  had  the  radical  defect 
of    using  one  and  the  same  vessel   for  boiler,  cylinder,  and  con- 
denser.    He  afterwards  (1705)    went   back  to  some  of   Savcry's 
itleas.     Newcoracn,  in  1705,  was  the  first  to  use  a  cylinder  and 
piston  and  a  separate  boiler ;  but  the  engine  still  had  the  defect 
of    having  the  condensation  of  the  steam  performed  in  the  cylinder. 
't      vas  far  more  practicable,  however,  than  anything  which  had 
P'"^cedcd  it.  and  began  to  be  used  regularly  for  pumping  water  out 
^^      mines  as  early  as  1711.     These  Newcomeii  engines  required 
ffi«i  steam  to  be  let  into  and  out  of  the  cylinder  through  valves 
^•>ich  had  to  be  worked  by  hand.     In  1713  Humphrey  Potter,  ,in 
"^.^cnious  boy  employed  to  operate  the  valves  of  one  of  these  en- 
f  *"*  €5,  connected  the  valves  to  a  moving  part  of  the  engine  by  cords 
*"^     such  a  w-Tiy  as  to  cause  them  to  work  automatically,  in  order  to 
**-"^^e  himself  the  trouble  of  attending  to  them.     This  very  impor- 
^■^t  invention  was  improved  by  Henry  Iteighton  in  1718. 

These  improved  Newcomen  engines  were  used  regularly  for 
P^*~nping  mines  until  Watt  made  a  series  of  brilliant  inventions, 
"'^ich  were  so  important  and  radical  that  he  is  ordinarily  said 
_  be  the   inventor   of    the   steam-engine.     The   most    valuable 

E'"^  I^rovement    due  to  Watt    is  the  use  of    a  condenser  sci>arate 
'^»n  the  cylinder  of  the  engine,  which  is,  indeed,  absolutely  es- 
*^*~»tial  in  order  to  avoid  the  enormous  waste  which  would  result 
'^^^»Ti  condensing  the  steam  in  the  cylinder  itself.     This  invention 
*^-^  made  in  1705,  and  patented  in  1709.     Watt,   in  1782,  also 
P^^cntcd  the  double-action  principle,  or  use  of  steam  on  both  sides 
***       the  piston ;  also  the  use  of  steam  expanshely,  —  that  i.s,  the 
"f*t  r-oduction  of  a  certain  amount  of  sleum  into  the  cylinder,  which 
"•^^^  work  upon  the   piston    by  cxpajiding  after  the  connection 
***^li  the  boiler  has  been  shut  off.     Both  of  these  inventions  were 
ro^de  several  years   before  they  were  patented.      Besides    these 
lu.ntiamenlal  principles  contributed  by  Watt,  he  also  greatly  per- 
fected the  general  design  and  details  of  the  mechanical  construc- 
\v^\\  lij  fact,  his  work  was  so  complete  that  the  simple  condensing 
e^ine  of  to^Iay  is  practically  Identical  with  the  engine  ol  VJaVV. 


The  greatest  improvements  in  the  steam -engine  since  tlie  inven- 
tions of  Watt  are  tlic  compound  or  multiplc-expiinston  engine 
patented  by  }^ornblo\ver  in  17sl,  anil  revived  b}'  VVoolf  in  1804, 
also  conceived  by  Watt  ;  the  automatic  cut -off  governor  brought 
out  by  Corli.ss  in  1849  ;  and  the  recent  development  of  various 
forms  of  steam-turbine. 

The  history  of  the  thtory  of  the  steam-engine,  and  the  science 
of  thermo-dynamics  upon  which  it  is  based,  may  be  considered 
to  have  started  when  Carnot,  in  1A24,  first  showed  how  to  treat 
the  cyclic  action  nf  any  heat-engine  by  considering  each  cycle 
separately.  The  use  of  this  mctliod  in  tlic  .study  of  heat,  as 
•well  as  in  electricity,  magnetism,  and  other  sciences,  is  of  tlie 
greatest  value,  and  seems  to  be  the  best  possible  way  to  secure 
definitcness  and  completeness  in  .scientific  anal)'sis.  The  deter- 
mination of  the  mechanical  equivalent  of  lieat  by  Joiilc  in  1843 
(which  is  the  most  e9.scntial  element  in  the  establishment  of 
the  principle  of  conservation  of  energy)  gave  the  real  founda- 
tion to  the  science  of  heat,  and,  in  fact,  of  all  modern  science. 
From  184fl  onward,  the  science  of  tlicrmo-dynamics  was  rapidly 
developed  by  Clausius,  Rankine,  and  Sir  William  Thomson  (Lord  | 
Kelvin).  The  publication  of  Rankinc's  classical  work  on  the 
steam-engine,  in  lHo9,  gave  the  almost  complete  application  of 
pure  thermo-dynamics  to  the  practical  case  of  the  .steam-engine, 
and  established  that  intimate  relation  between  theory  and  prac- 
tice so  essential  to  the  proper  and  rapid  advancement  of  both. 

The  recent  history  of  the  steam-engine  is  made  up  of  the 
development  of  the  compound  and  triple-cxixinsion  types,  im- 
provements ill  the  mechanism  for  governing  speed,  the  perfec- 
tion of  the  design  and  construction  of  the  various  parts,  and 
the  devising  of  suitable  forms  of  engine  for  special  work.  The 
introduction  of  the  steam-turbine  is  the  latest  important  feature 
in  steam-engineering.  All  of  these  modern  improvements  are 
of  particular  importance  in  connection  with  electric  lighting;  in 
fact,  they  arc  largely  the  result  of  progress  in  electric  light  and 
power. 

THE  PaUVOIPLBB  07  THS!   STUXU-ENQINB.  j 

A  complete  study  of  the  steam-engine  requires  a  thorough  I 
knowledge  of  the  science  of  heat,  and  its  relation  to  mechanics, 
— thcrmo-d>7iamic5, — and  would  occupy  far  more  space  than  can 
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be  devoted  to  it  in  this  treatise;  but  certain  fundamental  prin- 
ciples are  sufficient  to  enable  one  to  understand  the  steam-engine 
well  enough  for  those  who  are  not  specialists  in  the  subject. 

The  two  laws  upon  which  the  entire  science  of  heat  is  based, 
called  the  first  and  second  laws  of  thermoniynamics,  arc :  — 

1.  The  law  of  the  equivalettce  of  heat  and  nuchanical  energy ^ 
which  may  be  stated  as  follows :  A  gti'en  quantity  of  mccltanical 
energy  is  always  equivalent  ti>,  atui  can  be  converted  into,  a  certain 
^finite  quantity  of  heat ;  or,  to  lake  a  concrete  case,  1  heat-unit^ 
that  is,  the  heat  required  to  raise  1  gram  of  water  1'  C,  is 
exactly  equal  to  the  mechanical  work  required  to  raise  1  gram 
428  meters  high ;  or,  in  the  linglish  system,  1  lb.  of  water 
heated  1"  F.,  is  equivalent  to  772  foot-lbs.  according  to  Joule, 
or  780  according  to  the  latest  results  {page  21). 

2.  The  second  law  of  thcrmo-dytmmics  is  differently  stated 
by  different  authorities,  and  none  of  them  are  very  easily  under- 
stood, the  statement  of  Rankine  in  particular  being  quite  abstruse. 
The  corollary  of  this  law,  which  has  practically  the  same  sig- 
nificance, and  is  in  much  better  form  to  be  understood  and  used 
in  connection  with  heat-engines,  is  that  given  on  page  7t».  and 


T  —  T 
expressed  by  the  formula:  Efficiency  =  — ^— — - 


The  meaning  of 


this  expression  is  that  the  highest  possible  efficiency  of  any  heat* 
engine  is  equal  to  the  difference  in  temperatures  between  which  it 
■^orks  divided  by  the  initial  absolute  temperature. 

In  any  heat-engine  there  is  the  working  substance,  the  changes 
in  temperature  of  which  give  the  action  of  the  engine.  In  prac- 
tice this  substance  is  either  water-vapor  (steam),  gas,  or  air,  and 
i?  called  the  fluid.  There  are  two  important  laws  giving  the  rela- 
tions between  the  temperature,  pressure,  and  volume  of  a  gas  :  — 

1.  The  law  of  Riiyle  or  Mariotte,  which  states  that  the 
volume  of  a  gas  Is  inversely  proportional  to  the  pressure,  the 
temperature  being  kept  constant;  that  is,  />!■=  C,  m  which  /> 
and  ;•  arc  the  pressure  and  volume  respectively,  and^  is  a  con- 
stant depending  upon  the  density  and  other  properties  of  the  gas. 

S.  The  law  of  Charles  or  Gay  Lussac,  which  states  that  a 
gas  increases  ^\^  of  it.s  volume  at  0"  C.  for  each  degree  of  rise 


in 


temperature ;  that  is,  v,  =  v, 


1  -H  -^^\  ^^  wV\c\v  \\  \%  Wfc 
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Tofanne  at  mj  gifca.  conperantre.  /  in  uaiugude  liegrcca,  and  v; 
B  the  TOimne  at  zenx  Tbe  cooifaaied  csffosaioa  for  these  two 
bws  is^v  =  R  tir-  ^^'-  Not.  snce  /  -r  ^^  b  the  ab6<datc 
tempcumc;  7^  we  axvc  fz=^RT. 

The  above  Exws  appLv.  however^  only  Co  a  perfect  gas,  such 
as  air.  or  anr  ocher  permaoeit  g3s :  hoice  ther  can  be  used  in 
discussing  gxs  axki  hx-air  esgcieSk  bat  they  hare  to  be  con- 
siierably  modiacti  nx  onier  ro  apofy  them  to  the  case  of  steam 
or  other  vapor,  the  &:tK?Q  o<  vriich  is  quite  different  from  that 
of  a  perfect  ga:^  The  procerr:^  of  steam,  aztd  the  relations 
between  its  pressure,  vvinrsei  and  cemperatoie.  are  osoally  given 
in  the  form  of  a  caKe  qnrtf"'  to  the  one  printed  bdow.  The 
figures  are  for  steam,  which  es  neither  sopcrbcated  nor  supersat- 
urated (Le.,  *-wet~^.  The  cbta  for  cxtber  of  these  latter  kinds 
of  steam  arc  somewhit  di^erent.  copending  npcn  the  d^ree  of 
superheating  or  superjaiuratiocL 
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i  is  taken  from  Thurston's  Manual  of  the  Steam  Engine, 
page  820,  which  contains  complete  tables  of  the  data  of 
The  pressure  above  that  of   the  atmosphere,  as  shown 
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by  an  ordinary  gauge,  is  14.7  lbs.  less  than  the  figure  in  the  first 
column. 

The  action  in  a  steam-,  gas-  or  other  heat-engine  can  be  de- 
termined analytically  by  applying  the  principles  stated  above.    It 
is  necessary,  however,  to  take  account  of  various  practical  con- 
ditions.    For  example:  the  steam  or  gas  loses  heat  to  the  walls 
of  the  cylinder;  the  valves  cause  a  certain  loss  of  pressure,  or 
introduce  back-pressure,  and  the  action  of  steam  depends  much 
upon  whether  it  is  * '  wet, ' '  saturated  or  superheated.    The  result 
is  that  such  problems  are  difficult  to  solve  and  require  a  thor- 
ough knowledge  of  the  science  of  thermo-dynamics  and  the  tech- 
nology  of  engines.     The  student  is  therefore   referred  to   the 
special  works  on  these  subjects  given  in  the  bibliographies  of  the 
steam-engine  and  gas-engine  on  pages  194  and  209  respectively. 
The  practical  method  is  to  determine  directly,  by  means  of 
an  indicator,  the  curve  (Fig.  26)  representing  the  actual  varia- 
tions  of  the    pressure    in    the   cylinder  throughout  a  complete 
cycle  (forward  and  back  stroke).     The  area  of  this   indicator 
diagram   found  by  a  planimeter,  gives    the  work    done    by  the 
steam  or  gas  on  the  piston  during  that  cycle,  whatever  tlie  law 
of  expansion. 


A  STEAM-BOILER  IS  a  vessel  in  which  water  is  evaporated  by 
heat  produced  by  the  combustion  of  fuel,  the  resulting  iitcam 
being  used  in  a  steam-engine  for  the  generation  of  mechanical 
power.  Boilers  are  made  of  wrought-iron  or  mild  steel,  and  with 
careful  limitations,  cast  iron  is  u.sed  for  certain  parts.  The  form 
and  construction  of  boilers  depend  upon  the  purpose  for  which 
they  arc  to  be  used,  the  character  of  fuel  employed,  and  other 
circumstances.  The  kinds  of  fuel  available  for  steam-boilers, 
and  the  data  concerning  each,  are  given  in  the  following  table:  — 
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In  calculating  the  weight  or  volume  of  air  required  for  cora- 
bustion»  the  following  data  are  useful :  — 

One  pound  of  air  at  ordinary  barometric  pressure,  and  at 
15"  C.  (59"  F.),  is  almost  exactly  13  cubic  feet,  and  contains 
.23  lb.  of  oxygen.     The  volume,  f'^,,  at  any  other  temperature,  by 

Gay  Lussac's  law  (page  80).  is.  J^,  =  ^^±LxlB^^(27S+f), 

in  which  /  is  the  temperature  centigrade.     The  volume,    J'^,  at 

any  given  pressure  is,  F,  =  —^  V„  in  which  P  is  the  pressure  in 

pounds  per  square  inch  above  vacuum,  and  f^  is  the  volume  at 
the  given  temperature,  as  found  by  the  preceding  formula. 
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The  heat  of  combustion  of  a  fuel  may  be  calcubted  approxi- 
mately by  the  formula  ;  •  — 

Heal  in  centi^ade  units  =    814U  C*+3-45O0 //-3000(C?+iV). 

Heat  in  Kahrenheit  units  =14(>o0  C+(i:ilOO //-5400(C?  +  .V). 

In  these  equations  the  letters  C,  II,  O,  and  .V  represent  the 
weights  of  carbon,  hydrogen,  oxygen,  and  nitrogen  (exclusive  of 
ash  and  moisture)  in  the  fuel. 

The  air  required  for  combustion  may  be  calculated  approxi- 
malely  by  the  formula,  weight  of  air  =  11.5  C'+34  (//— i  O),  in 
which  C,  H,  and  O  are  the  weights  of  carbon,  hydrogen,  and  oxy- 
gen respectively.  This  weight  of  air  is  the  theoretical  amount, 
hiwever,  and  should  be  increased  from  fifty  to  one  hundred  per 
«at  lo  obtain  complete  combustion. 

The  use  of  a  poor  quality  of  coal  on  account  of  cheapness  is 
itoujillybad  economy,  as  the  percentage  of  ash  is  much  larger,  so 
that  the  cost  of  the  combustible  part  of  the  fuel  may  be  as  great 
in  cheap  as  in  more  expensive  coal.  Another  disadvantage  of 
cheap  coal  is  the  fact  that  a  given  boiler  will  not  produce  so 
wiKh  steam  with  it,  consequently  it  takes  a  larger  boiler,  or  a 
Rfcjter  number,  to  produce  the  same  amount  of  steam,  which 
[Would  add  to  the  first  cost  as  well  as  to  the  interest  and  depre- 
on  the  plant.  The  trouble  and  expense  of  firing  the 
s,  handling  ashes,  etc.,  arc  also  greater  with  poor  coal. 

Ritaminous  coal  is  more  generally  employed  for  steam  genera- 
j'tiffli  throughout  the  world  than  anthracite  ;  but  in  certain  localities 
llie  latter  is  used  exclusively,  as,  for  example,  in  New  York  City, 
ffhtrc  the  burning  of  the  former  is  practically  prohibited  by  the 
Board  of  Health.  The  engineer  should  always  study  carefully  the 
local  conditions  of  coal  supply. 

irW  as  a  fuel  for  boilers  is  quite  common  in  localities  where 
[rt  n  very  cheap,  being  sometimes  much  cheaper  than  coal ;  as, 
f™^  example,  in  Maine,  Oregon,  Washington,  and  other  States 
wlierc  large  forests  still  exist.  The  various  kinds  of  wood,  when 
dfy,  have  practically  the  same  evaporative  value  per  found.  This 
I  i*  UMially  estimated  at  .4  the  value  of  the  same  weight  of  coal, 
"fttl  is  a  fairly  good  fuel  for  boilers,  where  it  is  available 
^  sufficiently  cheap.  Sawdust  can  be  utilized  as  fuel  for 
hoilers,  but  a  special  furnace  and  automatic  feeding-devices  arc 

•  '■  NrtM  on  Steun  BoiJw*,"  by  Feabody  &  Miller,  Boston,  Ve»\. 
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Tequired.     Even    spent  tan-bark  is  sometimes  employed,  usualh 
mixed  with  coal.     Bagasse,  the  refuse  of  sugar-cane,  is    largely^ 
used  as  fuel  in  Cuba. 

Petroleum,  which  is  practically  the  only  natural  liquid  fuel,  has 
been  largely  used  for  boilers,  and  in  many  respects  it  has  great 
advantages.  The  dust,  dirt,  smoke,  ashes,  and  labor  incidental  to 
the  use  of  coal  are  almost  entirely  avoided  by  employing  petro- 
leum. Some  special  form  nf  burner  is  required,  in  which  the 
oil  is  reduced  to  a  fine  spray  by  means  of  a  steam  or  air  jet. 
Great  claims  have  been  made  concerning  the  economy  of  petro- 
leum as  fuel,  but  it  is  a  question  whether  the  actual  resultafl 
entirely  justify  the  claims.*  The  chief  practical  difficulty  in 
the  use  of  petroleum  is  the  fact  that  the  heat  is  not  widely  or 
tiniformly  distributed,  being  very  intense  at  certain  points  where 
it  is  liable  to  injure  the  boiler.  The  heat-units  produced  by 
petroleum  when  completely  burned  are  about  50  per  cent  greater 
than  from  the  same  weight  of  coal ;  but,  owing  to  the  fact  that  it 
can  be  burned  more  perfectly,  it  has  been  found  by  experiments 
in  this  country,  and  also  in  Russia,  that  1  lb.  of  petroleum  is  equal 
to  1.8  to  2  lbs.  of  coal.  A  gallon  (U.  S.)  of  petroleum  weighs 
about  6.5  lbs.,  and  is  therefore  equivalent  under  a  boiler  to  about 
11  to  13  lbs.  of  coal ;  and  about  180  gallons  arc  equal  to  a  gross 
ton  (2,240  lbs,)  of  coal,  or  about  ICO  gallons  to  one  ton  of  2,000 
lbs.  At  the  oil-wells,  petroleum  is  worth  about  2  to  8  cents  per 
gallon,  or  .84  to  $1.20  per  barrel  of  42  gallons,  which  is  cquiva^J 
lent  to$3,R0  to  $;>.40  per  ton  for  coal.  The  lowest  price  at  which 
oil  can  be  ilelivercd  in  the  vicinity  of  New  York  is  about  3  to  -t^ 
cents  per  gallon,  making  it  cost  the  same  as  coal  at  ^.40  to97.2C^| 
per  ton,  which  is  more  than  the  ordinary  price  of  coal  in  the  City 
of  New  York.  Ilcncc  it  would  not  seem  to  be  cheaper  than  coal, 
even  allowing  for  its  more  perfect  combustion.  The  steam  used 
to  convert  the  oil  into  spray,  or  "  dust,"  consumes  considerabl^H 
power,  which  is  often  forgotten  in  determining  the  cost  of  pctro* 
leura  as  fuel.  Petroleum  was  employed  exclusively,  on  account 
of  its  convenience  and  cleanliness,  as  fuel  in  the  enormous  plant 
of  boilers  at  the  Chicago  H.xposition  of  1893.t     The  boilers  thei 


•  "Commitlcc  RcporC  to  American  Stieci  Rjulway  Association.  Octobef,  IBM," 
E.  G.  CbnnctlP,  chairman.  Elfttruaf  F.nginttr  <N.Y.),  Oct.  26,  laWS,  p.  SOS. 
r  ScittiSiAt  Amtritan,  July  8,  1K93. 
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by  oil  aggregated  20,500  horse-power,  and  it  is  stated  that 
of  oil  evaporated  15  lbs.  of  water  in  that  case. 
l^atnral gas  as  a  fuel  possesses  the  advantages  of  cleanliness 
iveniencc  to  an  even  greater  extent  than  oil.      In  fact,  it  is 
ideal  in  these  respects,  and   has  been  used  extensively  in 
districts  where  it  is  available.     The  disadvantages  are  uncertainty 
as  lo  the  continuance  of  the  supply,  intense  localization  of  heat, 
Mmilar  to  that   prcxluced  by  oil,   and  danger  nf  explosion.      In 
some  cases  the  supply  of  gas  has  actually  ceased  ;  and  it  is  a  fact 
that  quite  a  number  of   explosions    have  occurred,  with   serious 
results,  due  to  the  use  of  natural  gas.     The  heating-power  of  nat- 
ure gas  is  usually  about  2  to  2.5  times  that  of  the  same  weight  of 
coil,  or  about  30,000  cubic  feet  are  equivalent  tu  a  Ion  of  aial. 

Solid  or  liquid  fuel  can  be  converted  into  gas  by  means  uf  a 

gas-producer  (p.  200).      In  some  forms  of  producer  the  carbon  of 

ihe  coal  is  converted   into  carbon  monoxide  by  partial  conil.>us- 

two  (2C  +  Oj  -f  4Na  =  2CO  4-  4N,} ;  the  resulting  gas  is  con- 

j«>-cd  to  the  boiler,  where  it  is  completely  burned   to   carbon 

jdioxidc  (2CO  -+-  4X,  +  O,  -f  4N,  =  2CO,  +  8N,).    This  method 

the  disadvantage  of  losing  a  considerable  fraction  of  tlie  heat 

in  the  6rst  operation,    and    the    resulting    gas  is  much  diluted 

*tth  nitrogen.     Another  process  of  gasifying  fuel  is  to  convert 

jjt  into  water-gas,  by  treating  it  at  a  high  temperature  with  steam, 

'hich  is  decomposed,  hydrogen    and    carbon    monoxide    being 

fwmcd.both  of  which  are  highly  combustible  (C-|-H,0=CO+Hj). 

^•retroleum  ir.^y  be  gasified  by  passing  it  through  very  hot  pipes, 

^Bltu^  "cracking"  It  up  into  gaseous  compounds,  or  by  treating  It 

^^pnth  steam  at  a  high   tcmjieraturc,  thereby  forming  water-gas. 

But.  as  stated  above,  it  is  commonly  used  in  the  form  of  a  spray, 

or "  dust,"  obtained  by  the  action  of  a  steam-  or  air-jet. 

Natural  gas  or  the  gas  produced  from  solid  or  liquid  fuel  can 
I*  Bled  in  burners  under  boilers  to  produce  steam.  The  advan- 
tage are  the  cleanliness  and  convenience  residting  from  the  elim- 
uution  of  coal,  ashes  and  smoke.  The  starting  up  of  the  fire  and 
tbt  r^ulation  of  the  heat  are  also  greatly  (acihtated,  but  there 
*r«the  disadvantages  already  stated.  This  matter  is  considered 
lurtbcr  in  connection  with  gas-engines. 

Artificial  fuel  is  sometimes  used,  consisting  of  various  mix* 
i      tuns  of  coal-dust,  or  slack  and  other  materials,  with  tar,  p\tc\i,  ot 
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equivalent  material,  to  hold  the  particles  together.  It  is  usuall 
pressed  and  baked  in  the  form  of  blocks.  These  arc  commonly 
called  "  patent  fuels."  Their  heating-power  is  about  equal  to  that 
of  the  same  weight  of  coal,  but  they  are  apt  to  have  more  ash.  It 
is  sometimes  kept  as  a  reserve  supply  in  stations,  where  the  square 
form  enables  it  to  be  conveniently  and  compactly  piled  away  in 
any  available  space. 

Construction  of  Boilers. —  The  materials  chiefly  used  in  the 
construction  of  boilers  are  wrought  iron  or  mild  steel.  The 
tensile  strength  of  the  former  ranges  from  40,000  to  tiO.OOO  lbs. 
per  square  inch.  Professor  Unwin  •  gives  the  average  tenacity  of 
iron  plates  as  46,000  lbs.  per  square  inch,  and  steel  plates  ti^,00i 
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lbs.  Cast  iron  is  also  used  for  certain  parts  of  some  types 
boilers,  but  it  is  liable  to  crack,  and  its  tensile  strength  is  not 
nearly  as  much  as  that  of  wrought  iron,  being  only  about  15.000 
to  25,000  lbs.  per  square  inch  ;  and  even  these  figures  cannot  be 
relied  upon,  the  modem  practice  being  to  eliminate  cast  ii 
entirely  in  parts  of  the  boiler  proper. 

Boiler-shells  are  built  up  of  sheets  of  wrought  iron  or  Mfrougt 
steel  riveted  together.      Rivet-joints  may  either  be  lap-joints, 
shown  in  Fig.  11,  or  butt-joints,  Fig.  12,  either  of  which  may 
single  riveted  or  double  riveted  ;  and  in  high-pressure  boilers  tl 
butt-joint  has  straps  on  both  sides.      The   strength  of   rivctj 

"  £i£mtMa  vf  MathiHt  DtiigH^  1801,  p.  IIS. 
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joints  determines    more    than    any    other   factor    the    safety    of 
boilers,  and  they  depend  upon  the  following  facts:  — 

1.  The  strength  of  the  plate  to  resist  being  torn  along  the 
center  line  of  a  row  of  rivet-holes. 

2.  The  resistance  of  the  rivets  against  shearing. 

3.  The  strength  of  the  rivet  or  of  the  plate  around  the  rivet 
to  withstand  crushing.  '     '  '     • 

4.  The  resistance  of  the  plate  against  being 't6rn'b6t ween  the 
rivet-holes  and  the  edge  of  the  plate.  *_         '     '  '  "  '  * 

5.  Friction  between  the  plateS,  diTe  to  the  force  with  "which 
they  are  held  together  by  the  rivet'."  This  last,  however,  should 
not  be  relied  upon.  ^'-  .    •  '  V  ■   ■ 

Before  taking  up  the  detailed  study  of  the  various  forms  of 
boiler,  it  will  be  well  to  consi'der  the  requirements  of. -a "^  perfect 
steam-boiler,  which  are  many  and  tllflicult  to  obtain.  'These  are 
as  follows :  The  best  material  obtainaVlc,  a'n3  "the  highest  grade 
of  mechanical  design  and  workmanship**  freedom  from*  danger  of 
explosion;  economy  in  the  use  of  fuel,  and' cost' of  maintenance; 
considerable  storage  capacity  for  steam  and  water  ;  constant  and 
free  circulation  of  water ;  a  large  surface  for  the  disengagement 
of  steam  in  order  to  avoid  "priming,"  i.e.,  foaming;  all  parts 
readily  accessible  for  cleaning  and  repairs ;  complete  combustion 
of  the  fuel  should  take  place  before  the  gases  escape  to  the 
chimney;  joints  and  other  weak  parts  should  be  removed  as 
much  as  pwssible  from  the  direct  action  of  the  fire;  heating- 
surfaces  should  be  of  sufficient  extent,  and  formed  or  arranged 
so  as  to  extract  as  much  of  the  heat  as  possible  from  the  gases  ; 
the  repairs  required  should  be  a  minimum,  since  these  cause  great 
trouble  and  expense. 

In  addition  to  the  above  general  requirements  of  steam- 
boilers,  there  are  certain  special  requirements  for  each  particular 
use  to  which  they  may  be  applied.  In  electric  lighting,  the 
special  quality  which  a  boiler  should  possess  is  ability  to  maintain 
a  constant  pressure ;  and  it  is  particularly  important  that  the 
pressure  should  not  fall  at  full  load.  This  quality  is  obviously 
desirable  in  almost  any  case;  but  it  is  of  peculiar  and  vital 
•mportance  in  electric  lighting,  because  the  slightest  variation 
*"  speed  is  objectionable,  a  change  of  even  a  small  fraction 
of  one  per  cent  in  voltage^rwdugjnga  perceptible   fluclual\oi\. 
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in  the  light  of  an  incandescent  lamp.  It  might  be  said  that 
the  engine  ought  to  govern  for  variations  in  stcain-prcssure ; 
that  is,  maintain  a  constant  speed  irrespective  uf  small  changes 
in  pressure.  To  a  great  extent  such  is  the  case  ;  but  when  there 
are  a  large  number  of  lamps  in  use,  the  load  on  the  engine 
and  dynamo  and  the  loss  uf  potential  un  the  conductors  being  at 
a  maximum,  a.dccrtase-  in  steam -pressure  would  certainly  lend 
to  aggrav;^te*-tHc;yjffi^Ulty.  '  In  stating  that  a  boiler  for  electric 
lighting,  should  *giTc  a  .constant,  pressure,  it  is  not  intended  to 
imply  tJ|j^,  ^  ■  boiler  is  necesaariiyi  always  run  at  any  particular 
pressHrp.l*  .It  is  a  common*  pfigtice  to  use  lower  steam-pres- 
sures ijf'ljght  loads  and  higher  "pressures  fur  heavy  loads ;  but 
in  ap^'.caSe  the  boiler  should  thaintain  the  given  pressure, 
Anottjet^J^pccial  requirement,  which  a  boiler  for  electric  lighting 
shoulJ'.tt^llj' js  the  ability,  ib  take  care  of  wide  variations  in 
the  loa(li,'v^iich  6rtcn*occtif-iiV.  chectric  IiKhting.  These  are  rarely 
rapid,  how'ever,  beiog  ri^cJaCly  due  tu  the  gradual  increase  or  de- 
crease of  daylight;- but  the  approach  of  a  thunder-storm  may 
cause  a  sudden  and  large  increase  in  load.  Two  radically  dif- 
ferent methods  may  be  adopted  to  provide  for  fluctuations  in  load 
which  occur  in  electric  lighting. 

The  first  of  these  consists  simply  in  employing  boilers  of 
the  so-called  "quick-steaming"  type;  that  is,  boilers  with  large 
heating-surface  and  comparatively  small  water  capacity,  which  can 
be  quickly  brought  into  condition  for  use.  This  plan  is  largely 
followed,  and  water-tube  boilers  which  are  particularly  quick- 
steaming  are  in  use  in  most  of  the  important  central  stations 
of  the  large  cities  of  both  Europe  and  America.  The  other 
method,  which  is  almost  diametrically  opposite  to  the  first,  is 
thai  of  "thermal  storage,"  proposed  by  Mr.  Druitl  Halpin,  and 
advocatcil  by  Professor  \V.  C.  Unwin  •  and  Professor  George 
Forbes.f  The  srlieme  consists  in  using  boilers  having  only  a 
capacity  sufficient  for  the  average  load,  these  being  run  con- 
tinuously day  and  night.  At  times  of  light  load  the  steam  is 
carried  through  pipes  to  large  iron  reservoirs  of  cheap  con- 
struction,   in   which   it    heats   a   large    quantity   of    water   to  a 

*  /.eftmrr  before  ike  Sotttty  c/AKiJ,  London,  Jflnuary,  1808.  ^M 

1  P»\ttt  on  "  Thrrmnl  Siora^  for  Central  StuliDiH,"  before  Mil.  EIk.  IJght  Assoc^ 
Marcli  I,  1803.     £&e.  IVvrU,  March  II,  1808. 
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!      liigh  tempcrattire.     When  heavy  demand  for  light  arises  in  the 
I       evening,  steam  is  drawn  from  these  reservoirs.     Loss  of  heat  by 
ndiation  from  the  reservoirs  can  be  made  small  by  covering  them 
^^Vfith  non-conducting  material.      Mr.  Halpin  claims  to  replace  22 
^HKrilcrs,  working  in  the  ordinary  way,  by  h  boilers  and  !>2  storage 
^Hylindcrs,  which  are  cheap  to  construct  and  have  less  deprecia- 
tion than  the  boilers.     The    advantage  of  this  system  would  be 
thai  wear  and  the  waste  of  fuel  involved  in  firing  up  boilers  for  a 
few  faours'  work  is  avoided.      Practically  the  same  result  is  ob- 
tained with  ordinary   boilers    by    banking  the  fires    of  some  of 
them  during  light  load.      The  consumption  of  fuel  is  then  small, 
the  maximum  capacity  is  large,  and  the  presence  of  two  difier- 
cot  kinds  of  apparatus  is  avoided.       Another  plan  open  to  the 
last-named  objection  but  sometimes  rccoiniiiended  employs  hori- 
zontal (fire)  tubular  boilers  to  carry  the  ordinary  load,  the  water- 
tube  type  being  also  installed  to  take  care  of  tlie  variable  por- 
tion  of  the    load.     In    this    way  a   large  part    of  the  steam    is 
supplied  by  cheap  boilers,  and  the  more  expensive  type  is  needed 
only  to  meet  the  extra  demands, 
^ft     The  various  kinds  of  boilers  may  be  classified  as  follows : — 

r 
I 
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CLASSES. 


t.  Pbin  cylinder  biiilers. 


L  Flue  boilers. 


}.  Mnhjtubular  or   ofire-tube" 
boilcn. 


*,,  Watet-tubr 
bolkw. 
S.  Coil  brjilers. 
6^  Vertical  txulcnt. 


w     "sectional" 


'*^g-ein5H"  type. 
t  Cnmisti  type,  .*irnjlr  Sue, 
J  Lancashire  type,  twn  fliie^. 
(  G»Uoway  type,    "!>reecli«' 
/  Return  tubular  boiler. 
J  Locomotive  boiler. 
(  Marine  hoiter. 

Babcock    and    Wilcox    and 
typo. 

Torpcdo-boal  and  other  t>-pcs. 

Various  types  which  are   mually  mixlified 
fonns  of  horixotiUI  boilers. 


flue. 


manr     other 


Many  of  these  types  are  not  used  to  any  extent  in  electric 
lighUng,  and  need  not  be  considered.  The  forms  of  boiler  com- 
monly employed  are  ;  The  water-tube  boiler,  the  ordinan,-  return 
fibular  boiler,  the  locomotive  t>pc  of  boiler,   and  the  vertical 

Mtr. 
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As  already  stated,  water-tube  boilers  of  the  Babcock  &  Witcox 
and  other  types  are  very  extensively  used  in  electric   lighting*. 
I  They  possess  the  advantages  of  being  quick-steaming,  not  liable 
istrous  explosions,  easy  to  repair  and  transport  in  sections, 
ts  can  be  carried  through  ordinary  doors  or  windows,  and 
water-tube  boilers  being  light  can  be  put  on  the  second  or  third 
floor  (p.  47).     This  type  is  open  to  the  objections  that  they  are 
rather  expensive,  have  not  much  capacity  for  water  or  steam  and 
cannot,  therefore,  stand  a  large  and  sudden  increase    of  load, 
*bich,  however,  is  not  likely  to  occur  in  electric  lighting.     On 
the  other  hand  they  can  supply  a  large  demand  if  gradually  made. 
Jke  Babcock  &■  Wikox  waUr-tube  boila\  shown  in  I'"igs.  13, 
I<.  and  15.  is  very  generally  used  for  electric  lighting  and  other 
purposes  in  this  country  and  many  foreign  countries.     This  and 
Biiier  similar  types  of  boiler  consist  of  a  large  number  of  par- 
dlel  iron    tubes  joined   at  their  ends   by    "headers,"   or  con- 
necting pieces  of  wrought  or  cast  iron.     The  former  construc- 
tonis  preferable,  being  necessary  in  high-pressure  boilers.    These 
itubcs  are  ordinarily  four  inches  in  diameter,  and  arc  placed  at 
distance  apart  about  equal  to  their  diameter.     The  tubes  are 
•staggered,"  or  arranged  so  that  each  tube  is  immediately  over 
space  betivcen  two  tubes  in  the  row  below.     The  object  of 
arrangement  is  thoroughly  to   abstract  the  heat  from  the 
lucts    of  combustion.      The    mass  of  tubes  arc    connected 
both    ends    to    the    long   horizontal    steam   and  water  drum 
lOvc,    the  water-level    being  kept  at  such    a    heiglit  that  this 
im  is  about  half  full,  as  shown.     At  the  rear  the  tubes  are 
inected  to  the  mud-drum  below,    into   which    the  dirt,  scale, 
,  settles.     The  latest  form  of  these  boilers  has  vertical  head- 
both  front  and  back,  as  represented  in  Fig.  13.      A  similar 
ingcmcnt  was   adopted  in  the  earliest  forms  of   Babcock  & 
Ki'ilcox  boiler  originally  patented  in  1SG7.     But  for  many  years 
ncliaed   headers  were   universally  employed  at  both  ends,  the 
or  front  one  being  shown  in  Fig.  1  +.     The  construction 
firirti  vertical  headers  was  introduced  about  1900,  the  saving  In 
hurtzontal  space  thus  secured  being  about   10  per  cent.      Caps 
hcUin  place  by  clamps  and  bolts  at  both  ends  of  each  tube  are 
easily  removed  to  permit  its  inspection,  cleaning,  or  renewal. 
The  path  of  the  products  of  combustion  is  shown  in  VVg.  \%, 


Ae  grate,  through  all  the 

■  faA  fay  the  bridge-wall 

r  partition  which 


sytTouacb  the  tubes*  aBd  farms  an  extension  of  the  bridge-wall. 
About  bitf-war  bcfttu  this  wall  and  the  rear  end  of  the  tubes 
is  aaocber  bafflc-pla:e;  above  whicb  is  a  hanging  wall  of  brick. 
TKese.  togclber.  outse  tbe  gases  to  pass  downward  through  the 
tubes,  and  finally  up«vd  again  at  the  back,  thus  flowing  three 
times  through  the  entire  mass  of  tubes. 

The  circulation  of  the  water  is  also  ver>'  efTective  ui  these 
t^-pcs  of  boiler.  The  inclined  position  of  the  tubes  causes  the 
heated  water  to  flow  from  the  rear  toward  the  front  of  the  boiler, 
thus  traveling  in  a  direction  opposite  to  that  of  the  gases.  In  this 
the  water  is  acted  upon  by  hotter  gases  the  higher  its  own 
"Uure  becomes. 

s'many  other  well-known  l)ijes  of  water-lube  boilers 
lilar  in  principle  but  differ  considerably  in  details 
n.      Among   these   may   be   mentioned   the    Root. 
,ne.  and  Sterling. 

e  the  Stcinmutlcr  and  other  forms  of  water-tube 
ed  in  addition  to  the  Babcock  &  Wilcox,  which 
dcly  used  there  as  in  America.     All  these  t)-pes  of 
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water-tube  boilers  are  employed  in  electric  lighting ;  in  fact,  it  is 
one  of  their  most  important  applications. 

Cyliadrical  or  Horizontal-Tubular  Boilers.  —  A  typical  form  is 
shown  in  Fig.  17,  and  consists  of  a  cylindrical  shell,  closed  at  the 
ends  by  two  flat  tube-platesy  through  which  the  fire-tubt-s  extend 
from  one  end  to  the  other.  The  diameter  of  the  fire-tubes  is 
usually  about  3  or  4  inches.  Nearly  two-thirds  of  the  volume 
of  the  boiler  is  filled  with  water,  the  remaining  space  being 
reser\'ed  for  the  steam.  The  water-level  is  6  to  8  inches  above 
the  top  row  of  tubes.  The  tubes  act  as  sfays  for  the  tube- 
plates  below  the  water-line  ;  but  above  the  water-level  the  flat 
plates  must  be  stayed  by  through  rods  from  one  plate  to  the 
other,  or  by  diagonal  stays  to  the  shell  of  the  boiler. 


@ 


I  i  :^i 


fl^.    t7.    Harinntal.Tvbular  Bo'twr. 


The  grate  is  under  the  /ro»/  end  of  the  boiler,  and  the  prod- 
ucts of  combustion  pass  back  under  the  boiler.  A  briilgf-ioull 
at  the  rear  end  of  the  grate  is  arranged  to  throw  the  gases  into 
contact  with  the  boiler.  The  gases  return  through  the  lubes, 
and  pass  out  by  the  up-fake,  or  flue  leading  to  the  chimney.  The 
boiler  is  supported  by  cast-iron  brackets,  which  are  riveted  to  the 
shell,  and  rest  on  the  side  walls.  A  vertical  steam-dome  pro- 
jects from  the  top  of  the  boiler  from  which  the  steam  is  drawn. 
These  boilers  are  made  in  sizes  from  about  3  feet  in  diameter 
and  7  feet  long,  having  12  horse-power  capacity,  to  7  feet  in 
diameter  and   20   feet   long,   having  200   horse-power    capaicXv^, 
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This  assumes  about  15  square  feet  of  heating-surface  per  horse- 
power which  is  a  safe  rating  for  this  type  of  boiler. 

The  Locomotive  Boiler  differs 
from  the  cylindrical-tubular  in  the 
fact  that  a  rectangular  fire-box  is 
formed  on  the  front  of  the  boiler, 
and  the  products  of  combustion 
pass  directly  from  the  lire-box 
through  the  tubes  to  the  end  of 
the  boiler,  and  out  to  the  smoke- 
stack. Thus  the  gases  make  only 
one  passage,  whereas  they  pass 
forward  again  in  the  cylindrical- 
tubular  boiler,  which  is  therefore 
often  called  '•  return-tubular." 

The  "Climax"  Vertical  Steam- 
Boiler.  —  The  construction  of  this 
boiler  is  shown  in  Fig.  18(7,  The 
princiijal  heating-surface  is  made 
up  of  the  loop-like  tubes  T,  which 
are  expanded  into  the  cylindrical 
shell  A,  two  of  them  being  shown 
blackened  in  the  horizontal  sec- 
tion (I'ig.  i8  b).  Within  the  shell 
A  \^  d.  second  cylinder,  B,  which 
is  not  necessarily  steam  or  water 
tight,  and  is  bolted  together  in 
fihort  sections  for  convenience  of  removal  in  case  of  repairs.  The 
cylinder  B  is  cIose<I  at  the  bottom  and 
o|jcn  at  the  top,  which  is  a  Hllle  below 
the  water-level.  The  lower  end  of  each 
lube  7"  is  connected  to  the  inner  cylinder 
B  by  means  of  a  short  tube  C.  These 
short  tubes  are  not  expanded,  as  it  is 
not  required  that  they  should  be  tight. 
This  arrangement  is  for  the  purpose  of 
keeping  up  a  rapid  and  constant  cir- 
culation of  water  in  the  tubes  T.  The  n»  i»fc  J 
£rc-box  y surrounds  the  cylinder  A^  and  rtvc  \vo\  s&&^  mvAV  ^^a^h 


/Iff.  18  0.     ••CilmoM  "  VtrtluU  Batltr. 
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around  all  of  the  tubes  on  their  way  to  the  chimney.  With  a, 
stationary  grate  several  firing-doors  are  required  for  feeding  coal 
on  all  sides ;  but  a  rotary  grate  is  soraelimes  employed  with  this 
boiler,  in  which  case  only  one  fire-door  is  necessary. 

Boiler-Settiiig.  —  Manufacturers  of  boilers  usually  have  plans 
for  setting  which  are  specially  adapted  to  each  particular  type ; 
and  it  is  mtcII  to  follow  these  as  closely  as  possible,  in  order  to 
get  the  best  results  from  a  given  boiler.  Fig.  17  shows  a  setting 
for  the  ordinary  horizontal  tubular  boiler.  It  consists  of  a  cast- 
iron  front,  and  brick  walls  12  to  16  inches  thick,  which  inclose  and 
carry  the  boiler.  Where  the  flame  strikes,  or  the  temperature  is 
high,  there  is  a  lining  of  one  layer  of  fire-brick,  laid  with  fire-clay. 
The  side  walls  are  prevented  from  bulging  by  vertical  buck-staves^ 
held  together  by  through  rods.     Stays  or  other  construction  of 

)ught  iron  should  not  be  exposed  to  the  heat,  as  it  tends 
to  warp  badly.  It  should  be  protected  by  brickwork ;  or  cast 
iron,  which  is  warped  less  by  heat,  may  be  substituted. 

The  water-tube    types  of  lx>iler   arc   supported   on    a    frame 

made    of    iron  beams,   which    is  inclosed  or  filled  in   with  walls 

of  brickwork,  as  shown  in  Figs.  13  and  16. 

H       Grates.  —  The  grate  usually  consists  of  fire-bars  of  cast  iron, 

upon  which   the  fuel   rests.     These   bars   are  about  J  to  1   inch 

P thick ;  and  the  distance  between  them  is  from  |  to  J   inch,  the 
rule  being  that  for  coal  the  open  space  between  the  grate-bars 
thould  be  from  \  to  }  of  the  total  grate  area.     I'ur  wood  or  for 
forced  draught,  the  open  space  need  not  be  more  than  i  to  J  of 
the  grate  area.     The  depth  of  the  grate*bars  is  about  2  inches 
at  the  ends,  and  3  to  5  inches  in  the  middle ;  and  their  length 
U  from  2  to  3J  feet.     The  grate  has  a  maximum  length  of  6  or 
T  feel,  made  up  ot  two  long  or  three  short  bars,  end  to  end,  and 
bs  a  width  of  not  more  than  4  or  6  feet,  in  order  to  allow  the 
firanan  to  properly  feed  it  with  coal.     The  grate-bars  have  pro- 
jections at  each  end,  and  usually  in  the  middle  also,  to  keep  them 
*t  the  projxir  distance  apait ;  and  they  are  simply  laid  upon  cross- 
^ers  of  iron,  so  as  to  be  readily  taken  out.     The  thickness  of 
ihe  grate-bars  should  diminish  towards  the  lower  edge,  in  order  to 
iliov  free  entrance  for  the  air  and  better  escape  for  the  ashes. 
"^h  square  foot  of  grate  surface  will  properly  burn  15  to  18  lbs. 
ofcoal  per  hour  with  a  good  natural  draught  etjual  10,  aa-j,  \  vo 
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\\  inch  of  water.  In  the  case  of  tubular  boilers,  the  draught 
area  through  the  tubes  should  not  be  less  than  one-sixth,  nor 
more  than  one-quarter,  of  the  grate  surface. 

\\\  means  of  a  forced  draught,  a  much  greater  rate  of  con- 
sumption can  be  obtained ;  but  this  would  not  ordinarily  be 
necessary  or  desirable  in  electric  lighting.  A  steam-jet  in  the 
chimney,  or  some  other  means  of  forcing  or  aiding  the  draught, 
is  often  very  convenient,  however,  in  starting  up  the  fire,  or 
at  times  when  the  draught  is  poor. 

Sorac  form  of  rocking^ate,  of  which  Fig.  10  shows  an  exam- 
ple, is  usually  desirable,  particularly  with  anthracite  coal     These 
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facilitate  the  work  of   the   fireman.     The  removed   portion,  /f, 
shown  below,  should  rest  at  G  and  D,  and  carries  the  pins  A  A. 

Boilers  are  sometimes  "  fired "  by  means  of  mechanical  sto- 
kers, which  arc  driven  by  a  small  steam-engine  or  electric 
motor,  and  act  automatically  to  furnish  the  boiler  with  a  con- 
tinuous supply  of  coal.  Uniformity  of  feed  and  saving  of  labor 
are  secured  by  these  devices,  one  form  of  which  is  shown  in 
Fig.  20.  The  objection  to  mechanical  stokers,  in  addition  to  ■ 
their  first  cost  and  liability  to  get  out  of  order,  is  the  fact 
that  they  feed  without  regard  tu  the  demands  upon  the  boiler, 
whereas  a  fireman  can  suit  the  supply  of  coal  to  the  circum-  f 
stances.     Experience    seems   to   show   that    the   loss    from    this    ' 
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'tause  with  a  mechanical  stoker  is  about  equal  to  the  wages  of  the 
fireman ;  and  there  is  the  advantage  of  being  rid  of  trouble  from 
strikes  and  incompetent  workmen. 

The  construction  of  the  chimney  was  considered  on  papc  68. 
The  ordinary  height  is  75  to  200  feet.     A  chimney  175  feet  high 
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:  i  ^ 


\ 

"ill  give  a  draught  of  \\  inch  of  water,  and  with  8  feet  internal 
tiamctcr  is  sufficient  for  a  2,000  H.P.  plant.  The  gases  in  the 
•binwcy  should  be  from  200°  to  250°  C.  Higher  temperatures  are 
"Wt  economical,  since  they  do  not  greatly  increase  tlie  draught  and 
"'wl^'e  waste  of  heat.     Where  several  boilers  connect  w\l\\  tVvc 
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flue,  cfaejr  are  likely  to  intcrfcre  vith  each  odier's  drat^ht. 

[Tht*  oiay  be  avoided  by  pladog  a  deflecting-plate  where  each  con- 

[sects  whb  the  6ue.  this  plate  being  bent  in  the  direction  that  the 
should  go.     The  main  damper  is  put  in  the  flue  near  nbcrc 
:cnten  the  chimney.    Automatic  damper  regulators  are  often  used 
to  electric -lighting,  and  although  the>-  do  not  maintain  perfectly 

.constant  pressure,  their  action  being  prompt  tends  to  counteract 
great  variations.     The>-  usually  operate  by  direct  action  of  the 

iMcam-pressure  upon  a  piston  or  diaphragm,  the  motion  of  which 
opens  or  closes  the  damper  through  a  mechanical  connection.  h 
Manholes.  —  A  fire-tube  boiler  should  be  provided  with  onft^ 
or  ro<n'c  manholes,  to  allow  a  man  to  get  inside  to  inspect,  clean, 
or  repair  it.  The  hole  is  made  oval  in  shape,  partly  to  conform 
to  the  form  of  the  body,  and  partly  because  a  door  of  that  shape 
can  be  pa&scd  through  the  hole,  which  is  not  the  case  with  a 
circular  door  A  manhole  is  from  14  to  18  inches  long,  and 
from  10  to  13  inches  wide.  ^| 

Water-Level  Indicators.  —  Two  devices  should  always  be  pro-^* 
vidcd  on  every  boiler  to  show  the  exact  height  of  the  water   in 
the  boiler,  these  being  the  water-gauge  and  the  test  cocks  oi^^| 
gauge.     The    water-gauge   (Fig.   14)    consists    of   two    horizontal 
tubes  leading  into  the  buiier,  one  directly  above  the  other,  and 

^connected  by  a  thick  glass  tube.  This  should  be  placed  at 
such  a  height  that  the  normal  level  of  the  water  is  about  half- 
way up  the  glass  tube.  Gauge-cocks  consist  of  three  small 
faucets,  placed  one  above  the  other  at  such  points  that  when 
the  water  is  at  its  proper  level  the  lowest  one  gives  water,  the 
top  one  gives  steam,  and  the  interroediate  one  gives  mixed 
steam  and  water,  when  tliey  are  successively  turned  on  to  allow 
a  little  escape.  These  should  be  frequently  tried,  to  make  sure 
what  the  true  water-level  is ;  because  the  glass  water-gauge  i! 
apt  to  become  clogged,  and  give  a  false  indication  of  the  height 
of  water.  More  accidents  arc  due  to  inattention  regarding  water- 
gauges  than  to  all  other  causes  combined.  Too  low  a  water-level  i 
is  one  of  the  most  dangerous  conditions  that  can  possibly  exist] 
in  a  boiler.  Other  means  arc  also  used  to  show  the  water-level, 
or  to  guard  against  its  becoming  too  low.  One  of  these  con- 
sists of  a  float  connected  to  a  valve,  which  is  opened  when  th 
water-level   becomes   too   lew,  and  the  escape  of  steam  causes 
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whistle  to  blow  and  give  wa.rning.  Fusible  plugs  are  also  placed 
in  the  boiler  at  such  a  height  as  to  be  covered  by  the  water  when 
it  is  at  the  proper  level;  but  when  it  falls  too  low  the  plug  is  no 
longer  kept  cool  by  the  water,  and  is  fused  by  the  heat  of  the  fire, 
which  allows  the  steam  to  escape  and  warns  the  fireman. 

Pressure-Gauge.  —  Every  boiler  must  have  an  accurate  and 
reliable  pressure-gauge  to  indicate  the  exact  steam-pressure.  In 
addition  to  the  ordinar>'  gauge,  some  good  form  of  recording 
pressure-gauge  is  recommended  as  giving  a  permanent  record, 
and  acting  as  a  check  on  the  fireman.  The  instrument  may  be 
placed  in  the  office  or  engine-room,  at  any  desired  distance  from 
the  boiler,  the  full  pressure  being  transmitted  to  it  by  a  small  pipe. 
Saiety-Valve.  —  This  is  simply  a  loaded  valve  which  is  lifted, 
and  allows  the  steam  to  escape  when  the  pressure  rises  above 
a  certain  amount.  The  load  on  the  valve  may  consist  of  either  a 
weight  or  a  spring.  The  pressure^auge  and  the  safety-valve  act 
as  a  check  upon  each  other,  and  the  failure  of  one  would  generally 
be  indicated  by  the  other;  but  since  so  very  much  depends  upon 
them,  they  should  be  of  the  b.est  possible  construction,  and  should 
be  carefully  examined  and  tested  at  frequent  intervals. 

Feed-Water  Purification.  —  The  water  used  in  steam-boilers  is 
obtained  either  from  the  regular  city  water-supply,  or  from  some 
source  such  as  a  pond,  river,  or  well.     Which  of  these  is  best  to 
employ  depends  upon  the  circumstances  in  each  particular  case ; 
but  in  almost  every  instance  the  question  of  the  purity  of  the 
water  is  an  important  matter.     Almost  any  water  available  for 
use  in  boilers  contains  from  10  to  100  grains  of  solid  material  per 
gallon ;   and    since   a    100    horse-power    boiler   evaporates   about 
80,000  lbs.  of  water  per  day  of  10  hours,  or  about  400  tons  per 
month,  the  accumulation  of  this  material  becomes  very  consider- 
able, being  from  75  to  750  lbs.  per  month,  assuming  only  half  of  it 
to  be  deposited.     Impurities  in  water  are  of  two  distinct  kinds : 
First,  small  particles  of  solid  material  mechanically  held  in  siis- 
ptnaon,  the  presence  of  which  is  perfectly  evident  to  the  eye, 
(onning  what  is  called,  in  plain  language,  muddy  or  dirty  water. 
"Oie  other  class  of  impurities  are  mineral  suo.stanccs  dissolved  in 
*2ter,  producing  little  or  no  change  in  its  appearance  or  trans- 
pwency. 

Impurities  of  the  first  kind  can  be  removed  by  filtermg,  or  Vj 
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simply  allowing  the  suspended  particles  to  settle;  but  irapuritica 
actually  dissolved  in  the  water  can  only  be  eliminated  by  some 
process  of  chemical  or  physical  precipitation.  The  so^:a]k'd 
"  hard  water  "  is  simply  water  containing  compounds  of  lime,  mag- 
nesia, etc.,  in  solution,  which  are  particularly  objectionable  in  water 
for  boilers,  since  they  are  deposited  as  a  scale  or  incrustation  upon 
the  interior,  and  seriously  interfere  with  the  transmission  of  heat 
through  the  metal,  thereby  reducing  the  efficiency  of  the  boiler, 
and  also  introducing  a  danger  that  it  will  become  excessive!; 
heated  and  weakened.  These  deposits  in  boilers  sometimes  reach 
a  thickness  of  half  an  inch  or  more,  and  are  extremely  trouble- 
some and  difficult  to  prevent,  or  to  remove  after  they  have  formed 
It  is  estimated  that  scale  ,V  inch  thick  necessitates  the  use  o£ 
about  10  per  cent  more  fuel,  \  inch  almost  40  per  cent  more* 
and  J  to  }  inch  scale  actually  doubles  the  amount  of  fuel  required 
to  generate  a  given  quantity  of  steam.  These  facts,  and  the 
greatly  increased  repairs  and  danger  arising  from  scale  in  hoilerSiH 
show  the  great  importance  of  eliminating  it.  V 

Feed-water  purifiers  of  various  forms  are  employed  to  rid  the 
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water  of  these  impurities.  They  usually  consist  of  vessels  or 
lections  of  tubes  in  which  the  water  is  heated,  as  represented  in 
Kig.  21,  the  object  being  to  deposit  the  impurities  in  the  purifier, 
from  which  they  can  be  easily  removed,  instead  of  in  the  boiler 
itself.  Indeed,  any  form  of  feed-water  heater  (page  113)  or  econ- 
omizer (page  113)  also  acts  in  the  same  way.  J 
The  chemical  treatment  of  the  water  previous  to  introducing  it" 
into  the  boiler  to  remove  the  dissolved  impurities  is  not  particu- 
larly practicable,  but  in  some  cases  it  may  be  beneficial.  For  this 
purpose  one  may  use  some  substance  which,  when  added  to  the 
water«  precipitates  the  foreign  matter,  so  that  it  can  be  removed. 
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by  filtering,  or  by  permitting  it  to  settle.  For  example,  carbo- 
naieof  lime  or  magnesia  is  one  of  the  most  common  impurities  in 
water,  but  it  is  only  soluble  in  water  charged  with  carbonic  acid ; 
hence  if  milk  of  lime  or  caustic  soda  be  put  in  the  water,  the  car- 
bonic acid  combines  with  it,  which  causes  the  carbonate  of  lime  to 
be  precipitated.  The  sulphates  of  lime  and  magnesia,«which  next 
to  the  carbonates  are  the  most  common  impurities  in  water,  may 
be  precipitated  by  adding  carbonate  of  soda  or  soda-ash  to  the 
wiier.  The  precipitate,  which  is  a  white  powder,  may  be  removed 
from  the  water  by  filtration,  or'may  be  blown  out  of  the  boiler 
from  lime  to  time,  and  is  far  less  objectionable  than  the  hard 
adherent  scale  formed  by  the  sulphates.  Deposits  in  boilers  may 
be  removed  by  the  simple  operation  of  "  blowing  off,"  which,  con- 
sists in  allowing  a  certain  amount  of  water  to  escape  from  the 
raud4rum,  thereby  carrying  away  the  dirt  and  precipitates  which 
lend  to  collect  in  it.  Actual  cleaning  with  scrapers  is  necessary 
ii  the  deposit  has  formed  on  the  tubes  or  shell  of  the  boiler,  and 
Has  reached  a  thickness  of  |  or  :J  inch.  There  are  many  "  boiler 
I  compounds "  which  are  put  into  the  boiler,  and  intended  to  dis- 
■•oUt,  loosen,  or  otherwise  get  rid  of  the  scale.  These  last  reme- 
^ dies  are  somewhat  similar  to  "quack  medicines;"  but  they  are 
quite  popular  in  places  where  the  hardness  of  the  water  gives 
L  ^grcal  trouble,  and  is  often  so  serious  that  almost  any  remedy  is 
^MdcocDC.  Oak,  hemlock,  and  other  barks,  logwood  and  similar 
^Hsbatances,  are  effective  in  water  containing  carbonate  of  lime  or 
^Boagnesia,  by  reason  of  their  tannic  acid,  which  produces  a  precipi- 
tate that  is  held  in  suspension,  and  does  not  deposit  as  scale ;  but 
the  tannic  acid  is  injurious  to  the  iron,  being  apt  to  corrode  it 
The  same  objection  applies  to  molasses,  vinegar,  fruits,  etc.,  which 
have  also  been  used  ;  but  their  acetic  acid  eats  away  the  iron. 
Oil  is  frequently  put  into  boilers  to  prevent  the  scale  from 
^^dhering ;  but  great  care  should  be  observed  in  its  use,  as  it  Is 
^PBcely  to  cause  foaming  and  other  troubles.  The  best  oil  is  a 
liigli^rade  kerosene;  and  any  oil  that  is  hea\'y  (i.e.  has  "body") 
is  very  objectionable,  because  it  tends  to  occasion  foam,  and  also 
— iorms  films  or  accumulations  which  prevent  the  water  from  com- 
^pkg  in  contact  with  the  iron,  thereby  allowing  the  latter  to  become 
abnormally  heated  and  producing  weak  or  bulged  spots. 

F«d  Pomps  and  Injectors.  —  The  boiler  is  usually  svk^\A\ei 
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with  water  by  means  of  one  or  more  direct-acting  steam-pumps. 
These  should  preferably  be  double-acting  and  duplex  (two  cyl- 
inders), in  order  to  maintain  a  steady  flow  of  water;  and  the 
design  should  be  as  simple  as  possible,  so  as  to  reduce  the  danger 
of  accidental  interruption  of  the  water-supply,  which  is  a  serious 
matter.  The  pumps  should  be  capable  of  delivering  at  least  twice 
the  quantity  of  water  tliat  corresponds  to  the  maximum  steam 
consumption  of  the  engines  in  order  to  have  ample  margin  for 
leaks  of  water  and  steam,  blowing  off*.  intL-rruptions,  and  to  enable 
the  steam  pressure  to  be  kept  down  in  case  of  sudden  stoppage 
of  the  engines.  A  duplicate  pump  or  an  injector  shnuhl  be  pro- 
vided as  a  precaution  against  breakdowns.  The  pump  should 
be  regulated  to  feed  at  exactly  the  right  rate,  so  that  it  keeps  a 
uniform  stream  of  water  flowing  into  the  boiler  through  the 
heater;  whereas,  if  the  pump  is  stopped  part  of  the  time,  the 
water  in  the  heater  will  get  too  hot,  and  when  the  pump  is 
started  again  at  increased  speed,  to  make  up  for  the  stoppage,  it 
then  tends  to  fill  the  boiler  witli  cold  water.  The  fccd-pi|)e 
leading  into  the  boiler  should  be  arranged  to  give  the  feed-water 
a  motion  in  the  same  direction  as  the  natural  circulation  of  the 
main  body  of  water  in  the  boiler,  thereby  aiding  the  flow. 

There  should  be  both  a  check-valve  and  a  stop-valve  between 
the  boiler  and  pump.  Without  a  check  in  the  pipe  the  hot  water 
is  likely  to  back  up  on'the  pump  and  make  it  difficult  to  start; 
and  til ey  are  also  needed  in  case  of  accident  or  repair.  A  safety 
blow-o(T  should  also  be  provided  to  prevent  blowing  out  of  pack- 
ing or  bursting  of  pipe. 

The  most  necessary  condition  to  the  satisfactory  working  of 
the  steam-pump  is  a  full  and  steady  supply  of  water.  The  pipe- 
connection  should  in  no  case  be  smaller  than  the  openings  in  the 
pump.  The  suclion-lift  and  delivery-pipes  should  be  as  straight 
and  smooth  on  tlie  inside  as  possible,  and  tlie  total  area  of  the 
strainer-holes  should  be  from  three  to  five  times  the  area  ol 
the  pipe. 

When  the  lift  of  a  pump  is  high,  or  the  suction  long,  a  foot- 
valve  should  be  placed  on  the  end  of  the  suction-piix:,  and  the 
area  of  the  foot-valve  should  exceed  ttie  area  of  the  pipe.  A 
foot-valve  enables  the  pump  to  start  oflT  promptly  and  freely,  as 
it  avoids  waiting  for  the  suction-pipe  to  fill. 
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The  suction-pipe  should  be  air-tight,  because  any  considerable 
leakage  of  air  would  prevent  the  flow  of  water.  A  slight  leak- 
age, however,  is  somctimci  permitted  to  avoid  pounding  and 
does  no  harm  if  the  pump  has  ample  capacity.  It  is  important 
for  the  suction-pipe  to  be  as  straight  and  free  as  possible. 

The  area  of  the  steam-  and  exhaust-pipes  should  in  all  cases 
ix  fully  as  large  as  the  nipples  in  the  pump  to  which  they  are 
&tuchcd.  The  cylinders  of  steam-pumps  should  always  be  oiled 
before  starting  in  the  morning  or  stopping  at  night.  In  the 
ordinary  boiler  feed-pump  the  ratio  between  steam-  and  water- 
cylinders  is  about  four  to  one  in  area,  or  two  to  one  in  diameter. 
Stafijng-bcxes  on  the  piston-  and  valve-rods  should  in  all  cases  be 
filled  with  soft,  moist  packing,  because  packing  which  is  allowed 
to  become  hard  and  dry  will  flute  the  rods,  inducing  leakage  and 
Bcctssilating  repairs.  The  air-vessels  on  the  delivery-pipe  of  the 
steam-pump  should  never  be  less  than  five  times  the  volume  of 
ihc  water-cylinder. 

It  is  almost  always  advantageous,  and  at  high  speeds  neces- 
saO",  to  connect  a  vacuum  chamber  to  the  suction-pipe  near  the 
pump,  to  avoid  shock,  particularly  with  long  suction-pipes. 

When  pumps  are  stopped  or  arc  put  out  of  service  in  cold 
weather,  all  the  drain,  drip,  and  pet  cocks  should  be  left  open, 
and  the  steam-cylinder  should  be  well  oiled  before  stopping. 
rdinarily  the  speed  of  the  piston  or  plunger  is  between  50  and 
ct  per  minute,  depending  upon  the  style  of  pum]>ing,  the 
etc..  but  should  be  low  enough  to  avoid  pouniling  and 
Ktssive  wear. 

A  steam-injector  capable  of  feeding  all  the  boilers  should  be 
provided  in  addition  to  the  feed-pump,  for  use  in  case  the  latter 
Wis.  It  is  not  desirable  to  use  injectors  all  the  time,  however, 
since  they  are  more  wasteful  of  steam  than  a  pump,  especially  if 
a  condenser  be  employed  in  the  plant,  and  the  exhaust  from  the 
piinip  is  run  into  it;  or  in  case  the  exhaust  is  used  for  heating. 

P«ed-water  Heaters — These  should  be  provided  in  every  elec- 
Hc-lighting  installation,  whether  it  be  a  large  central  station  or 
small  isolated  plant,  in  order  to  save  as  much  as  possible  of 
tbcheat  in  the  exhaust  steam,  and  at  the  same  time  avoid  feed- 
ing the  boiler  with  cold  water.  The  ordinary  forms  of  feed-water 
beater  consist  either  of  a  collection  of  pipes  through  wVikV  t^t 
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feed-water  is  passed,  and  around  which  the  exhaust  steam  from 
the  engine  circulates,  tlicrcby  warming  the  feed-water,  or  the  con- 
verse arrangement.  The  fccd-watcr  heater  introduces  no  objec- 
tionable comphcation  or  trouble,  being  merely  interposed  in  the 
pipe  leading  from  the  feed-pump  to  tlie  boiler ;  and  it  seems  to  be 
generally  desirable  and  advantageous  for  both  condensing  and 
non-condensing  engines,  even  when  the  exhaust  steam  from  the 
latter  is  used  for  steam  heating.  The  Berrynian  heater  is  a  well- 
known  type,  and  consists  of  a  scries  of  inverted  IJ  tubes,  through 
which  the  exhaust  steam  passes,  and  around  which  the  fccd-watcr 
circulates. 

Economizers. — These,  like  feed-water  heaters,  have  for  their 
object  tlie  saving  of  escaping  heat  and  the  warming  of  the  feed- 
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water;  but  in  the  economizer  the  heat  is  obtained  from  the  waste 
gases  on  their  way  from  the  boiler  to  the  chimney,  instead  of  from 
the  exhaust  steam.  The  form  and  arrangement  of  the  Green 
economizer,  which  is  extensively  used  in  this  country  and  abroad, 
is  shown  in  Fig.  22.  The  economizer  of  course  tends  to  reduce 
the  temperature  of  the  gases  in  the  chimney,  and  to  that  extent 
decreases  the  force  of  the  draught.  If,  however,  the  gases  leave 
the  boiler  at  a  higher  temperature  than  is  needed  to  give  sufficient 
draught,  then  the  reduction  in  temperature  is  not  objectionable. 
If,  on  the  other  hand,  the  gases  are  cooled  by  passing  through  the 
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to  as  low  a  temperature  as  is  compatible  with  a  good 
draught,  then  the  economizer  evidently  is  undesirable,  unless 
used  in  combination  witlj  mechanical  draught.  As  a  matter  of 
fact,  the  economizer  is  practically  an  extension  of  the  boiler; 
but  the  use  of  a  separate  economizer  is  a  much  better  arrange- 
ment than  combining  it  directly  with  the  latter  (by  making  a 
longer  boiler,  for  example),  since  it  enables  the  boiler  as  a  whole 
to  be  run  at  a  higher  ■  temperature  and  pressure,  and  avoids 
tbe  introduction  of  cold  water  into  the  boiler  proper.  It  would 
therefore  seem  that  the  economizer  is  particularly  suited  to  cases 
where  the  steam  pressure  is  high,  since  the  temperature  of  the 
boiler,  and  that  of  the  waste  gases  leaving  the  boiler,  would  be 
correspondingly  elevated.  This  and  other  forms  of  economizer 
ate  very  commonly  adopted  in  electric-lighting  plants,  and  are 
TOttlly  to  be  recommended,  particularly  when  the  steam  pressure 
is  100  lbs.  per  square  inch,  or  more. 

Since  the  feed-water  heater  utilizes  the  heat  in  the  exhaust 
steam  it  cannot  raise  the  temperature  of  the  water  above  212''  F. 
On  the  other  hand,  the  economizer  derives  its  heat  from  the  waste 
gases,  which  may  be  at  SOU''  or  000°  F.,  so  that  the  feed-water  is 
brought  above  the  boiling  point  and  is  under  full  boiler  pressure. 
Hence  the  water  must  pass  through  the  feed-pump  before  eiiter- 
wgthe  economizer.  The  feed-water  heater  may  also  be  placed 
"I  the  same  side  of  the  pump,  in  which  case  it  carries  boiler 
Pressure  and  the  pump  works  on  cool  water.  If  the  pump  is 
put  between  the  heater  and  the  economizer  the  former  runs  at 
**^nary  pressure  and  the  pump  contains  warm  water,  but  below 
boiling  point. 

ARRANGBMBNT    OF    BOILERS. 

The  vital  importance  in  electric  lighting  of  avoiding  the 
'cast  interruption  in  service,  makes  it  necessary  to  take  every 
pfftcaution  to  insure  absolute  continuity  in  the  working  of  the 
plant  as  a  whole,  even  if  an  accident  should  occur  to  any  one 
^Iflncnt.  This  is  usually  secured  by  having  at  least  one.  and 
■f  possible  two  or  three,  extra  or  reserve  elements  of  each  kind. 
*"  addition  to  having  spare  apparatus,  it  is  also  necessary  to 
•(lopt  a  carefully  considered  arrangement,  in  order  that  the 
^"^ng  down  of  one  element  shall  not  prevent  the  use  of  tK% 


116 


BLEVTRIC  LIGHTING. 


Others.  For  example,  if  a  number  of  boilers  connect  with  one 
main  steam  pipe,  it  might  happen  that  an  accident  to  that  pipe 
at  same  point  would  cut  oUT  the  supply  of  steam  from  all  of  the 
boilers.  One  way  to  provide  against  this  trouble  is  to  have  what 
is  called  the  "ring  "  arrangement  of  boilers,  in  which  the  boilers 
are  placed  in  two  rows  and  the  main  steam  pipe  is  a  complete 
ring,  so  that  accidents  would  have  to  occur  simultaneously  at  two 
points  in  order  to  cut  off  any  considerable  number  of  boilers. 
There  is  a  valve  between  each  boiler  and  the  ring  pipe,  and  also 
one  in  the  latter  between  each  boiler  and  the  next.  This  ar- 
rangement is  an  excellent  one,  and  is  often  adopted.  The 
arrangement  consisting  of  a  duplicate  set  of  steam-piping  is  an 
almost  sure  guaranty  of  continuity  of  service;  but  it  involves  con- 
siderable e.\tra  expense  and  complication.  An  example  of  this 
arrangement  is  found  in  the  plant  of  the  Wcstche-ster  Lighting 
Company  at  New  Rochelle,  N.  V.,  described  in  the  American 
Electrician,  March,  1902.  In  this  case  every  boiler  is  connected 
so  as  to  feed  into  either  of  two  duplicate  Ifi-inch  steam  headers. 
The  two  lai^er  engines  of  750  H.  P.  each  are  individually  fed 
through  (!-inch  pipes  from  one  header  only,  being  supplemented 
by  additional  connections  through  reducing  valves  to  the  low- 
pressure  cylinders  from  the  other  main  header.  The  other  three 
engines,  aggregating  about  400  H.  P.,  and  all  of  the  auxiliaries 
arc  fed  in  duplicate  from  tlie  two  headers. 

Partial  or  complete  duplication  of  steam-piping  is  particularly 
important  where  the  boilers  and  engines  are  not  very  close  together 
because  a  breakdown  is  more  likely  to  occur.  If  the  boilers  arc 
placed  in  a  row  on  one  side  of  the  division  wall  and  the  engines 
similarly  located  on  the  other  side,  with  one  common  intercon- 
necting steam  header,  practically  the  same  advantages  may  be 
secured  without  duplication.  The  piping  of  tlie  New  York  lidi- 
son  Company's  Waterside  Station  is  so  arranged,  as  shown  in 
plan  in  Fig.  23,  also  on  pages  4S  and  49.  All  of  the  delivery 
pipes  from  the  boilers  and  all  of  the  pipes  feeding  the  engines 
are  connected  directly  to  a  single  longitmlinal  header,  each  of 
these  pipes  being  controlled  by  its  own  valve.  There  arc  also 
valves  in  the  header  by  which  it  may  be  subdivided  .^o  that  an 
accident  at  one  or  even  two  or  three  points  would  not  disable  the 
entire  plant.      On  the  other  hand,  an  accident  in  the  middle  of  the 
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wni  prevent  engines  at  one  end  to  be  operated  by  boilers 

the  otlier  end  of  the  row,  which  is  possible  with  duplicate  pip- 

iog.    But  with  units  of  similar  size  and  type  it  makes  little  dif- 

IfcTcnce  which  arc  in  operation. 
Steam-Piping. — This  matter  is  one  of  those  details  of  con- 
stnjclion  which  are  ver>'   commonly    neglected,    and   cause  far 
more  trouble  than  the  principal  elements  of  a  plant.     The  pipe 

■  used  should  be  of  tlie  best  quality,  made  either  of  wroueht  iron 
Bcr  steel,  lap-wcIded  and  of  ample  thickness  to  stand  the  pressure. 

■  FLu^cs  and  fittings  should  be  made  of  the  best  material  and 
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FT9.  S3.    Sttam-Plptni/  ^fUtw  York  £<t!mii  V/aUraM*  Station. 

v«y  carefully  put  tog^ether.  Leaky  steam-fittings  arc  very  com- 
"'on  and  cause  much  annoyance.  The  flange  may  be  recessed 
*"■  grooved  to  prevent  blowing  out  of  the  gasket.  The  best  con- 
**^ction  Is  to  have  the  flanges  welded  on  to  the  ends  of  the  pipes. 
"'lis  involves  greater  expense  in  making  and  fitting,  but  would 
pt^Ubly  save  money  in  a  permanent  plant.  Ordinarily  the 
^^•^t  is  screwed  upon  the  pipe,  in  which  case  care  should  be  ex- 
weised  to  have  exactly  the  same  taper  on  both,  which  is  a  very 
WWtial  condition  to  a  tight  joint.     The  joint  is  caAVed  otv  t\it 
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inside,  and  the  small  recess  in  the  back  of  the  flange  around  the 
body  of  the  pipe  is  calked  with  Babbit  or  steam  metal,  in  case 
of  leakage  of  the  screw-joint  when  circumstances  will  not  per- 
mit the  joint  to  be  opened  and  rccalked  inside.  The  screw- 
joint  should  be  made  with  plumbago,  to  allow  it  to  be  un- 
screwed, if  necessary,  without  breaking.  The  flange  should  be 
very  heavy  and  made  as  strong  at  the  bolt-holes  as  at  othtf 
points,  which  is  secured  by  having  bosses  around  the  latter. 
The  bolts  should  be  as  close  together  as  the  free  use  of  the 
wrench  will  permit. 

Steam-piping  should  be  carefully  arranged  so  that  water  will 
not  collect  in  it.  as  it  causes  water-hammer  efTects,  and  if  it 
gets  into  the  engine  cylinder  it  may  wreck  it.  One  plan  is  to 
have  the  pipe  slope  slightly  downward  all  the  way  from  the 
engine  to  the  boiler;  but  the  difficulty  is  that  the  steam  tends 
to  stop  the  back  flow  of  the  water  and  carry  it  along  with  it. 
It  is  better,  therefore,  to  have  the  piping  slope  toward  the 
engine,  and  insert  a  steam  trap  or  separator  near  the  latter  to 
eliminate  the  water.  The  latest  and  best  practice  consists  in 
running  a  small  pipe  immediately  beneath  the  main  pipe  or  steam 
header,  the  two  being  connected  at  frequent  intervals  by  short 
vertical  pipes.  These  auxiliarj'  pipes  are  sometimes  made  as 
small  as  i  inch,  but  i  \  inches  in  diameter  is  better  practice.  This 
drainage  pipe  is  connected  to  a  steam  trap,  returned  to  the  boiler 
or  otherwise  arranged  so  that  the  water  condensed  from  the  steam 
13  continually  drawn  off  from  the  header.  With  sufficient  height 
in  the  boiler-room  it  is  desirable  to  have  vertical  bends  (Fig.  24) 
connecting  the  boilers  with  the  header  in  order  to  avoid  the 
•*  pocketing  "  or  retention  of  the  water.  For  a  similar  reason  the 
connections  to  the  engines  may  be  taken  from  the  upper  side  of 
the  headen 

Gaskets. — Corrugated  gaskets  of  copper  may  be  used  in  the 
case  of  mains  where  the  ends  of  the  pipe  can  be  freely  moved, 
or  sometimes  they  may  be  omitted  altogether  in  such  a  case,  and 
the  joint  made  iron  to  iron.  But  in  the  case  of  repairs,  which 
are  sure  to  come  sooner  or  later,  the  line  will  be  distorted  more 
or  less,  and  it  will  be  almost  impossible  to  bring  the  ends  back 
to  exactly  the  same  position.  For  this  reason  it  is  better  to  use 
a  thin  composition  gasket.  This  will  allow  for  slight  incqua' 
in  the  iaces  and  fitting  of  the  flanges. 
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Expansion  Joints. — The  ordinary  slip-joint  is  not  suited  to 
high  pressure,  because  it  \\  ill  not  slide  if  the  packin|>;  is  adjusted 
tightly  enough  to  prevent  leaking.     The  best   way  to    take  up 
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flf.  24.     Vertical  and  fforijtotttal  Plpt-bandt. 

tt^sion  in  high-pressure  sj-stcms  is  by  means  of  long  plpe- 
^d%  of  considerable  radius,  the  proper  proportions  being  shown 
»%.  24. 

Valves. — These  should  be  globe  or  gate  valves,  operated  by 
f3&  outside  screw.  The  spindle  should  be  of  steel,  and  tinned, 
w  of  brass.  The  valve  body  should  be  extra  heavy  for  high 
pressures,  and  in  all  cases  stifier  than  any  other  part  of  the 
system,  to  prevent  any  springing,  which  would  cause  the  valve 
to  leak.  The  seats  of  the  valves  should  be  bronze  or  brass. 
All  valves  with  over  6  inches  diameter  of  port  should  have 
*  by^.pass  valve  (i.e.,  a  smaller  valve  about  1^  to  Scinches  in 
tiiamcter)  to  equalize  the  pressure  on  both  sides  of  the  large 
valve  before  it  is  opened.  This  relieves  excessive  strain  on  the 
'piodlc  and  seats,  and  should  always  be  used  on  high-pressure 
*«k.  Large  valves  or  those  that  are  inaccessible  may  be  opened 
•nd  closed  by  motors. 

Supports  for  Steam-Piping.— Asteampipe  should  rest  when  pos- 
siUc  upon  some  solid  support,  and  is  often  mounted  upon  rollers 
fallow  for  expansion.  It  is  very  important  to  avoid  vibration, 
^*!iich  often  occurs,  as  well  as  the  strains  due  to  expansion,  because 
Sty  rack  the  whole  system  and  cause  leaky  joints.  Rollers 
*w  give  trouble  on  accoimt  of  rust,  so  that  many  engineers 
rprovide  simple  flat  iron  surfaces  upon  which  the  pipe  rests.  If 
cd  from  overhead  beams,  some  good  form  of  pipe-hatvgtt 
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is  used,  which  should  be  carefully  adjusted  so  as  to  preserve 
the  alignment  of  the  pipe,  and  at  the  same  time  lonfj  enough 
with  a  flexible  joint  to  allow  for  expansion.  One  of  the  best 
arrangements  is  to  have  all  the  piping  below  the  engine-room 
floor  in  the  spaces  between  the  foundations  of  the  machinery. 
This  permits  the  pipes  to  be  placed  on  solid  supports,  connec- 
tions to  the  engines  being  made  by  risers  with  a  steam-separator 
at  the  base  of  each. 

Steam  Pipe  Covering. — All  pipes  carrying  live  steam  should  be 
carefully  covered  with  some  material,  to  prevent  loss  of  heat  and 
condensation  of  tlie  steam.  Various  materials  are  used  for  this 
purpose,  such  as  mineral  or  slag  wool,  magnesia,  asbestos,  hair 
felt,  and  other  similar  substances.  It  is  preferable  that  tlie  ma- 
terial should  be  incombustible.  Several  dealers  make  a  spe- 
cialty of  supplying  these  coverings  in  various  forms  to  fit  dif- 
ferent sizes  and  shapes  of  steam -piping,  elbows,  valves,  etc. 
These  are  usually  held  in  place  by  thin  metal  straps,  and  when 
properly  put  on,  and  painted  or  whitewashed,  they  present  a  verv 
neat  appearance.  The  covering  may  also  be  applied  in  tlie  form 
of  plaster. 

Good  pipe  covering  effects  a  very  considerable  saving  by  re- 
ducing condensation.  The  loss  of  heat  varies  with  the  tempera- 
ture (i.e.  steam  pressure),  size  and  position  of  pipe  and  other  con- 
ditions, being  usually  given  as  400  to  SOU  hcat-unlts  (Ib.-Kahr.) 
per  square  foot  of  bare  pipe.  The  use  of  covering  saves  from 
80  to  9*>  per  cent  of  this  loss,  depending  upon  the  thickness  ant; 
nature  of  the  material. 

For   more   detailed    facts  regarding   steam-piping,  see   Tk 
American  f.Uctridan  of  1U02  and  19u:t,  which  contains  a  series 
articles  describing  electrical  stations,  the  arrangement  of  boih 
engines,  and  piping  being  made  a  prominent  feature.     In 
issue  of  December,   1902,  there  is  a  paper  by  H.  G.  Stott 
steam  pipe  covering  which  gives  the  results  of  comparative  te* 
on  difTcrent  materials.     The  same  subject  is  discussed  by  G. 
Barrus  in  the  Trans.  Am.  Soc.  Meek.  Eng.^  May,  1902. 

Steam -Separators. — It  is  of  the  utmost  importance  that  steal 
supplied  to  an  engine  should  be  as  dry  as  possible.  The  signif 
cance  of  this  is  that  steam  or  any  other  true  vapor  is  made  up 
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separate  molecules,  and  is  as  transparent  as  air  ;  but  if  small  par- 
itcles  of  water  are  present  which  have  cither  been  condensed  or 
have  not  been  evaporated,  then  it  contains  a  larger  amount  of 
water  than  saturated  vapor  at  that  temperature  and  pressure.  It 
then  becomes  cloudy,  since  the  particles  of  water  that  are  pres- 
ent, though  very  small,  are  infinitely  large  compared  to  a  mole- 
cule, and  they  intercept  or  reflect  light.  Tests  of  the  percentage 
of  moisture  in  steam,  which  usually  varies  from  1  to  10  per  cent, 
can  be  made  in  various  ways,  a  thorough  method  being  described 
in  the  report  of  a  committee  on  boiler  tests  in  Volume  VI.  of  the 
Transactions  of  the  American  Society  oj  Mfchanical  Engineers  ; 

Ilwt  this  is  rather  too  elaborate  and  difficult  for  ordinary  work. 
\  simple  method  to  approximately  determinate  the  dryness  of 
^01  consists  in  allowing  a  small  jet  to  escape,  and  if  it  is 
iransparent  close  to  the  orifice,  or  even  a  grayish-white  color, 
til":  excess  of  m<»isture  is  probably  less  than  I  per  cent.  If  the 
jet  is  strongly  white  close  to  the  orifice,  the  excess  of  water  is 
probably  2  per  cent,  or  more.  In  making  this  lest  the  steam 
should  not  be  allowed  to  travel  far  in  a  naked  pipe,  because  it 
tends  to  be  condensed.  Steam  containing  not  more  than  3 
percent  of  moisture  is  considered  fairly  "dry."  The  objections 
to  vrct  steam  are  that  it  introduces  water  into  the  cylinder,  which 
iJiight  wreck  the  engine  ;  it  also  increases  cylinder  condensation, 
aad  reduces  the  efficiency  and  output  ol  the  engine.  It  is  there- 
fofca  requirement  of  a  good  steam-boiler  that  it  should  produce 
steam  which  is  as  dry  as  possible.  This  is  secured  by  proper 
design,  being  largely  dependent  upon  an  ample  surface  for  the 
disengagement  of  steam,  and  a  sufficient  steam  space  or  reservoir 
in  the  boiler.  If  steam  rises  from  a  surface  of  water  with  a  veloc- 
ity greater  tlian  2^  to  3  feet  per  second,  it  carries  water  with  it 
in  the  form  of  spray.  This  velocit>'  may  be  calculated  by  divid- 
ing the  total  volume  in  cubic  feet  per  second  of  steam  produced 
l>y  the  total  surface  in  square  feet  from  which  it  rises.  When 
llic  boiler  tlirows  a  large  amount  of  water  into  the  steam  it  is 
called  ••priming,"  and  may  be  due  to  impure  water  that  forma 
nobbles  and  foam,  improper  design  of  tlie  boiler,  or  too  high  a 
*'alet-lcvcl,  which  latter  will  reduce  the  steam  space  and  bring 
the  surface  too  near  the  outlet. 
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The  best  way  to  obtain  dry  steam  is,  of  course,  to  have  the 
boiler  generate  it  in  the  first  place  ;  but  in  case  the  boiler  gives 
wet  steam,  either  from  improper  design  or  impure  water,  or 
because  it  happens  to  be  working  badly  (which  might  occur  in 
almost  any  boiler),  then  it  is  very  important  to  remove  the 
water  from  the  steam  before  it  enters  the  cylinder.  There  is  also 
some  condensation  of  steam  in  the  piping,  especially  if  the 
engines  are  not  very  close  to  the  boilers.  The  means  ordinarily 
employed  to  eliminate  water  from  steam  consists  of  a  steam- 
separator.  An  efficient  one,  of  the  centrifugal  type,  is  shown  in 
Fig.  25.     The  principle  of  this  and  other  separators  is  to  inter- 


fig,  3$.    00  ftgeka  ftUam-atpnratpr. 

nipt  the  direct  flow  of  the  steam  and  give  the  particles  of  m( 
ture  an  opportunity  to  settle  and  collect  in  a  receptacle, 
curve  blades  shown  are  designed  to  facilitate  the  sep>aration 
throwing  the  moisture  particles  against  the  sides  of  tlxe  vess 
by  centrifugal  force.     Steam -separators  should  be  placed  as  ni 
as  possible  to  the  steam  inlet  of  the  engine. 

Management  of  fioilers. — Steam  boilers,  being  the  most  im- 
portant and  most  iLingerous  element  in  an  electric  lighting  plant, 
should  receive  the  greatest  possible  care,  and  particular  atten- 
tion should  be  given  to  the  following  points,  to  insure  safety: 

Safety-  Valves. — These  should  be  of  ample  size,  and  ir 
feet  working  order.  Neglect  or  overloading  might  lead  t 
most  disastrous  results.  They  should  be  tried  at  least  once 
day,  to  see  that  they  act  freely. 
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Pressurc-GaHge. — This  must  be  absolutely  accurate;  and  if 
there  is  the  slightest  doubt  about  it,  it  should  be  compared  with 
a  standard  gauge.  It  should  stand  at  zero  when  the  pressure  is 
off,  and  should  show  the  same  pressure  as  that  for  which  the 
safety-valve  is  set,  when  the  latter  is  blowing  off. 

Water-LtveL  —  The  engineer  should  make  absolutely  sure  that 
the  water  is  at  the  proper  height  in  starting  up,  or  at  the  begin- 
ning of  each  watch.  The  glass  gauges  should  not  be  relied  upon 
entirely  ;  but  the  gauge-cocks  should  be  tried,  because  the  pas- 
sages in  glass  gauges  are  apt  to  become  clogged  and  give  a  false 
indication  of  the  height  of  the  water,  which  might  be  much  lower 
or  higher  than  that  in  the  glass  tube. 

Low  Water.  —  In  case  the  water-level  falls  too  low  in  the 
boiler,  immediately  cover  the  fire  with  ashes  (wet  if  possible)  or 
earth-  If  nothing  else  is  handy,  use  fresh  coal,  taking  great  care, 
however,  to  put  on  a  sufficient  amount  to  deaden,  and  not  to 
iocrease,  the  fire.  Draw  the  fire  as  soon  as  it  can  be  done  with- 
out increasing  the  heat.  Do  not  turn  on  the  feed-water,  start  or 
Slop  the  engine,  or  lift  the  safety-valve,  until  the  fires  are  out  and 
the  boiler  cooled  down. 

Blisters  and  Cracks.  —  Either  are  likely  to  develop  even  in  the 
best  plate-iron  ;  but  at  the  first  indication  they  should  be  carefully 
examined,  and  the  boiler  put  out  of  service  and  repaired. 

Fusiblf  Pings.  —  If  used,  these  should  be  examined  when  the 
boiler  is  cleaned,  and  carefully  scraped  clean  on  both  the  water 
and  fire  sides. 

The  attention  required  to  secure  economy  is  as  follows  :  — 

Firing.  —  The  coal  should  be  thrown  on  evenly  and  regularly, 
a  little  at  a  time.  Moderately  thick  fires  are  most  economical, 
but  thin  fires  must  be  used  when  the  draught  is  poor.  The 
grate  should  be  kept  evenly  covered,  and  no  air-holes  in  the  fire 
allowed  to  form. 

CUaning.  —  All  heating -surfaces  must  be  kept  clean  inside  and 
out,  to  avoid  serious  waste  of  fuel.  The  frequency  of  cleaning 
depends  upon  the  nature  of  fuel  and  water.  As  a  rule,  not  over 
^  or  4  inch  of  scale  or  soot  should  be  permitted  to  collect  on 
tbe  surfaces  before  cleaning. 

Foaming  and  Priming.  —  This  can  usually  be  checked  by  redu- 
cing the  outflow  of  steam,  or  by  decreasing  the  dTaug\\t  ol  X-Vc; 
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fires.  Slightly  opening  the  blow-off  and  increasing  the  feed  will 
remove  impure  water.  The  water-level  may  be  lowered  if  high 
enough  to  permit  of  it.  M 

Blotvinjf  off, —  If  feed-water  is  muddy  or  salt,  blow  off  a  por- 
tion frequently,  according  to  condition  of  the  water.  The  boiler 
should  be  emptied  every  week  or  two,  and  filled  up  entirely  fresh  *, 
but  the  boiler  should  not  be  emptied  while  the  brickwork  is  hot. 

Durability.  —  Deterioration  or  injury  to  boilers  is  avoided  by 
general  care;  certain  special  points  may  be  noted:  Cold  water 
should  not  be  put  into  a  hot  boiler ;  dampness  should  not  be 
allowed  on  the  outside  of  the  boiler,  as  it  tends  to  corrode  and 
■weaken  it ;  the  boiler  should  not  be  fired  up  too  rapidly  or  too 
intensely.  If  a  boiler  is  not  required  for  some  time,  it  should  beB 
emptied  and  dried  thoroughly.  If  this  cannot  be  done,  it  should 
be  filled  with  water,  into  which  is  put  a  quantity  of  common 
washing-soda. 

Testing  Steam-Boilers.  —  Tests  of  steam-boilers  •  are  made  to 
determine  the  quantity  and  quality  of  steam  that  they  su]>ply, 
the  weight  of  fuel  required  to  produce  a  certain  amount  of 
steam,  and  other  similar  facts.  A  boiler-test  requires  consider- 
able knowledge,  care,  and  skill,  as  well  as  accurate  apparatus. 


The  principal  points  to  be  ascertained  iind  noted  in  a  boiler-tcsC  are :  — 

1.  The  type  and  ditnensions  of  the  boiler,  including  the  area  of  heating- 
sur&ice,  sleani  and  w.ater  space,  area  of  water  surface,  and  dtafl  area  through 
or  between  tubes  or  flues. 

2.  The  kind  and  size  of  furnace;  area  of  grate,  with  proportioa  of  air-spaces 
in  it,  height  and  size  of  chimney,  length  and  area  of  flues. 

3.  Kind  and  quality  of  fuel,  and  amount  of  a^^h  and  water  therein.  The 
latter  is  a  more  important  item  ihnn  is  generally  understood,  us  it  not  only 
adds  to  the  weijfhi  without  increa-sing  the  value  of  the  fuel,  but  the  heat  taken 
to  e\*aporate  and  send  the  :tteam  up  the  chimney  in  a  highly  superheated  condi- 
tion adds  to  the  unobserk*cd  waste. 

4.  Temperatures  of  external  air,  of  fire-room,  of  chimney  ga.ws,  of  fuel, 
of  water,  and  of  steam. 

6.  Pressures  of  the  steam,  of  barometer,  and  of  draught  in  chimney. 

6.  Weights  of  feed-water,  of  fuel,  and  of  ashes.  Water-meters  are  not 
reliable  as  an  accurate  measure  of  feed-water. 

7.  Time  of  suntng  and  of  slopping  test,  taking  care  that  the  observed 
conditions  are  the  same  at  each  as  far  as  possible. 

*  This  sulijeci  will  be  found  rery  hiUy  treated  in  the  report  of  a  committee  (o  iha] 
American  Societ)'ol  Mechanicad  Engiueen,  and  the  duKuiMoos  on  (he  same.  TratttaC'^ 
tr^m  A.  S.  M.  £.,  vol.  u. 
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&  The  quality  of  the  steani,  whether  "  wet,"  **  drj-.'*  or  "  superheated." 

From  these  data  ati  the  results  can  be  oUculaied,  giving  the  economy  and 

diy  of  the  boiler,  and  the  sufficiency  or  insufficienc)'  of  the  conditions,  for 
obuiniag  the  best  results. 

The  amount  of  water  evaporated  per  pound  of  coai  is  universally  conceded 
to  be  the  proper  measure  of  the  efficiency  of  a  boiler;  but  in  order  to  compare 
OH  bwler  with  another,  each  should  have  equally  good  coal,  be  fed  with  waiter 
a  ihc  same  temperature,  and  furnijih  steam  at  the  same  pre«iure.  As  this  is 
inTnclicable  in  testing,  a  standard  has  been  accepted  to  which  all  tests  should 
bt  brooght  for  comparison.  This  is  called  the  "equivalent  evaporation  from 
ud  a  312'^*^  per  pound  of  combustible;  that  is,  wh.tt  the  e\'aporation  would 
Ib«  been  if  the  coal  had  been  without  ash.  the  feed-water  at  boiling-point, 
■d  the  steam  delivered  at  attnusplieric  pressure. 

It  nay  be  determined  by  the  following  formulit :  — 

Let  ty  ='  (he  observed  cvapoiation  pec  lb.  o(  combustible. 
I  t      ^-  the  observed  triDpcrnlute  of  feed. 

I  7*     *-  the  (cmpcrature  of  steam  sit  otretTvcd  prr^sutc. 

\  H    «■  the  total  bent  of  steam  at  (he  olisrtvnl  jires^ure, 

^^^^^H  W  K  equivalent  ^apomtion  Irom  ami  ut  212". 

^H     TIk  value  c 

"    Steam-Bi 


W  =  W{\  +  Q-3(7--2]2)  +  (212-/) 


or, 


»"=  IV  y^ 


94MI 


')' 


TIk  value  of  7* and  Ffmvf  be  found  in  the  table  on  page  92. 
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Steflm-Boiler'  Economy.  —  Correct  design,  construction,  and 
"lanagcmcnl  of  the  boilcr-plaiit  is  a  most  important  item  in  an 
«l«tric-light  station.  Forcing  the  boilers  beyond  their  capacity, 
*«tc(ulness  in  the  use  of  coal,  or  other  such  loss,  might  result 
•n  the  financial  ruin  of  the  entire  enterprise.  On  the  other 
lunil,  raising  the  evaporation  from  7  to  8  lbs.  of  water  per  lb. 
^  coal,  represents  a  saving  of  about  14  per  cent,  which  would 
warrant  an  expenditure  for  improvements  equal  to  one  year's 
CMl-bill,  since  it  would  pay  1+  per  cent  on  the  investment. 

Claims  are  often  made  as  high  as  II  or  12  lbs.  of  water  evapo- 
rUtd  per  lb.  of  coal;  but  in  regular  practice  it  is  difficult  to  do 
belter  than  10  lbs.,  and  even  9  lbs.  is  a  very  good  ordinary  result. 

Btnlers  arc  rated  on  the  basis  of  30  lbs.  of  water  evaporated 
per  H.P.-hour,  at  70  lbs.  pressure,  feed-water  being  100®  F, ;  but 
this  rating  is  nominal  because  good  engines  do  not  require  so 
wh.  Under  very  favorable  conditions  the  best  engines  consume 
^^nlylOlbs.  of  steam  per  H.P.-hour  and  12  lbs.  in  regular  service. 
.\ss\nning  that  15  lbs.  can  be  realized  in  good  practice,  the  actual 
iiP.  ofa  boiler  is  twice  the  rated  value. 
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Classification.  —  Engines  may  be  divided  into  various  classes 
for  convenience  of  reference,  according  to  their  form,  action,  or 
purpose.  For  example,  engines  are  cither  JtorisontaU  vertical,  or, 
in  rare  instances,  inclined,  according  to  the  position  of  the  cylin- 
der or  cylinders. 

An  important  distinct ion^  particularly  in  engines  used  for 
electric  lighting,  exists  between  low-spccd  and  high-speed  engines. 
It  is  impossible  to  draw  a  definite  line  between  the  two  classes; 
but  in  a  general  way  it  may  be  said  that  luw-speed  engines 
usually  run  at  less  than  150  revolutions  per  minute,  the  ordinary 
speed  being  from  50  to  100,  whereas  the  customary  rate  of 
high-speed  engines  is  from  200  to  350  turns  per  minute. 

Engines  may  also  be  divided  into  classes,  depending  upon 
the  importcint  matter  of  speed  governors.  There  are  throttU 
and  automatic  cut-off  governors.  With  the  former,  the  speed 
is  controlled  by  partially  shutting  off  and  reducing  the  pressure  of 
the  steam  allowed  to  enter  the  cylinder.  In  the  latter,  the  steam 
enters  the  cylinder  at  approximately  the  full  boiler  pressure;  but 
the  governor  causes  the  supply  to  be  entirely  cut  off  at  a  certain 
fraction  of  the  stroke,  depending  upon  the  speed  of  the  engine. 
Engines  arc  divided  into  sitnple  and  compound^  according  to 
whether  the  steam  expands  completely  in  one  cylinder,  or  par- 
tially expands  in  one  cylinder,  and  then  passes  to  another  cyl- 
inder or  cylinders,  in  which  it  is  further  expanded.  Engines  are 
called  compcfundt  triple,  or  qtuidrnplc  expansion^  according  to 
whether  the  steam  is  expanded  twice,  three  times,  or  four  times, 


respectively. 

OEITERAI.  COIirSTBUCTJON  OP  STKAM-EtNOZNES. 

The  general  construction  of  steam-engines  will  be  consi 
in  the  present  chapter,  and  then  the  special  discussion  of 
various  typicd]  forms  will  be  taken  up  in  the  next  chapter. 
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STEAM-ENGr/>rE   COS'STRUCTJOI^T.  VII 

The  principal  parts  of  a  steam-engine  are  the  cylinder,  piston, 
piston-rod,  valve,  governor,  mechanism  connecting  the  piston-rod 
and  fly-wheel,  fly-wheel,  hearings,  and  the  base  or  frame  support- 
ing all  these  various  parts. 

The  Cylinder.  —  This  is  usually  a  simple  cylinder  of  cast 
iron,  accurately  bored  inside,  and  ending  in  faced  flanges,  to 
which  the  ends  or  covers  are  bolted.  Since  the  cylinder  has 
to  withstand  the  internal  pressure  of  the  steam,  it  should  be 
of  sufTlcicnt  thickness;  but  usually  its  strength  far  exceeds  that 
required  to  sustain  the  steam-pressure,  for  the  reason  that,  being 
made  of  cast  iron,  it  can  be  quite  thick  without  involving 
any  considerable  expense ;  and  it  is  also  desirable  to  have  it  of 
ample  thickness,  in  order  to  allow  it  to  be  re-bored  when  worn, 
and  to  prevent  it  from  bending  or  warping  to  the  least  extent 
by  the  very  heavy  mechanical  strains  to  which  it  is  subjected. 
One  end  of  the  cylinder  is  provided  with  a  stuffing-box,  which 
allows  the  piston-rod  to  slide  freely  back  and  forth,  but  prevents 
the  steam  from  leaking  out.  At  the  two  extreme  ends  of  the 
cylinder  are  the  ports,  through  which  the  steam  alternately  enters 
and  leaves  the  cylinder.  These  ports  are  connected  by  suitable 
passages  to  the  slcam-chest,  in  which  works  the  valve  which 
controls  the  inlet  ajid  outlet  of  the  steam. 

The  principal  points  to  be  observed  in  designing  steam-cylin- 
ders are,  the  proper  proportions  and  thickness  of  the  various 
parts  to  give  ample  strength,  and  the  perfect  boring  and  fitting 
of  the  same.  The  proper  length  and  diameter  of  the  cylinder 
depend  upon  circumstances,  and  considerable  difference  of  opin- 
ion in  regard  to  this  question  exists  among  authorities  and 
builders.  Ordinarily  the  stroke  of  an  engine  is  from  \\  to  2^ 
times  the  diameter  of  the  piston.  The  length  of  the  cylinder 
must,  of  course,  be  equal  to  the  stroke  plus  the  thickness  of 
the  piston  and  the  clearances  at  both  ends.  Usually  the  total 
length  of  the  interior  of  the  cylinder  is  about  twice  the  diameter, 

Soraetimes  cylinders  are  "jacketed;"  that  is,  surrounded  with 
a  space  which  is  filled  with  steam  in  order  to  warm  the  cylinder 
itself.  Steam-jackets  are  rarely  used,  however,  except  in  cases 
where  the  steam -pressure,  and  therefore  temperature,  is  very 
high,  or  the  ranges  of  temperature  very  great.  Its  complication 
and  cost  of  construction  are  the  principal  ob)cct,io'ns  to  v\.. 
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Some  covering  of  nonconducting  material,  such  as  wood  or 
felt,  calletl  lagging,  should  be  applied  to  steam-cyllnders,  in  order 
to  reduce  the  loss  of  heat,  and  cylinder  condensation. 

The  Piston  is  the  part  which  is  driven  back  and  forth  in  the 
cylinder  by  the  pressure  of  the  steam ;  and  from  it  the  entire 
power  of  the  steam  is  obtained,  its  area  multiplied  by  the  steam- 
pressure  i>cr  unit  of  area  being  the  total  pressure  exerted  upon  it. 
If  the  piston  were  driven  by  a  constant  steam-pressure,  it  would 
be  desirable  to  make  it  as  light  as  possible,  to  avoid  wear  and  the 
effect  of  its  inertia  at  the  ends  of  the  stroke.  Rut  in  all  economi- 
cal engines  the  pressure  varies  greatly,  because  the  steam  is  cut 
off  and  acts  expansively  during  the  greater  part  of  the  stroke; 
hence  it  is  customary  to  design  the  piston  to  have  sufficient  weight  I 
so  that  its  inertia  takes  up  the  excessive  pressure  of  the  steam  in 
the  beginning,  and  gives  up  energy  toward  the  end  of  the  stroke, 
when  the  pressure  is  low,  thus  aiding  the  compression  of  the 
steam  on  the  other  side  of  the  piston.  The  piston  is  made  steam- 
tight  in  the  cylinder  in  various  ways,  the  usual  plan  being  to  sur- 
round it  with  split  rings  of  cast  iron,  steel,  or  gun  metal,  which 
are  made  to  have  a  tendency  to  spring  outward  slightly,  and  thus 
fit  closely  against  the  walls  of  the  cylinder.  Two  or  more  of  these 
rings  are  placed  side  by  side,  and  arranged  so  that  the  joints  are 
not  in  the  same  line.  These  rings  are  held  in  place  by  recesses 
or  grooves  turned  in  the  periphery  of  the  piston.  The  relative 
diameter  and  thickness  of  pistons  depend  on  the  particular  type 
of  engine,  the  advantage  of  a  long  piston  being  that  it  tends  to 
diminish  leakage  and  wear,  and  it  can  be  made  hollow,  so  that  it 
is  not  very  heavy;  but  it  necessitates  an  increase  in  the  total 
length  of  the  cylinder.  T/ie  piston-rod  is  usually  made  of  steel» 
and  is  connected  rigidly  to  the  piston  by  a  shoulder  formed  xipon 
it,  and  a  nut  at  its  end.  ■ 

The  Stufflng-Box  prevents  the  leakage  of  steam  around  the 
piston-rod.  It  consists  simply  of  a  cylindrical  projection  cast  on 
the  cylinder  cover,  its  internal  diameter  being  somewhat  larger 
than  the  piston-rod  which  it  contains.  The  space  between  is 
filled  with  some  form  of  packing,  which  is  held  in  place  and  ad- 
justed by  a  loose  piece  termed  the  gland.  The  gland  is  attached 
to  a  flange  at  the  outer  end  of  the  stuffing-box  by  suitable  bolt 
and  nuts.     An  -almost  infinite  number  of  devices  and  material 
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'lave  been  employed  as  packing  in  stuffing-boxes.  The  ordinary 
kinds  used  are  hemp,  asbestus,  or  some  other  fibrous  material 
mixed  with  tallow,  india  rubber,  etc.,  to  make  it  steam-tight. 
Graphite,  fine  particles  or  shavings  of  metal,  and  similar  sub- 
stances, have  also  been  employed  in  ]>acking.  These  soft  pack- 
ings are  usually  applied  either  in  the  form  of  rings  or  rope,  the 
latter  being  wouiid  spirally  around  the  piston-rod.  Rings  of  Bab- 
bitt or  other  metal  are  also  used.  The  packing  of  the  piston  often 
causes  annoyance,  since  it  is  very  likely  to  be  either  too  tight  or  too 
loose,  and  wears  so  rapidly  that  it  requires  constant  adjustment. 

Valves.  —  The  most  delicate  parts  of  a  steam-engine  are  the 

^'alves,  and  the  mechanism  which  operates  them.     The  function 

of  the  valves  is  to  control  the  entrance  and  exit  of  the  steam  to 

and  from  the  cylinder,  so  that  each  shall  occur  at  exactly  the  right 

moment,  and  continue  for  exactly  the    proper    period   of  time. 

Four  kinds  of  valves  are  very  comiponly  used  in  steam-engines, 

llicsc  being  ordinary  fiat  slide  valves^  cylindrical  slide  or  piston 

L   ?«/:•«,  rotary  valves,  and  poppet  valves.      The  advantage  of  the 

^   flat  slide  valve  is  that  it  is  readily  fitted,  and  a  certain  amount  of 

*«arcan  occur  without  causing  leakage  or  requiring  refitting.    It 

ias  the  disadvantage,  however,  that  it  is  difficult  to  balance; 

^t  is  to  say.  the  steam  tends  to  force  it  against  its  scat  with 

excessive  pressure.     The  advantages  of  the  piston  valve  arc  that 

I  it  ts  easily  balanced,  so  that  the  pressure  caused  by  the  steam  is 

o^ual  in  all  directions;  and  for  a  given  sized  valve  a  large  open- 

I    ""g  of  port  is  obtained  with  a  small  motion,  since  the  port  can 

F   extend  all  the  way  around.     The  objection  to  a  piston  valve  is 

the  feet  that  wear  makes  it  smaller  than  the  cylinder  in  which  it 

I  *'orks.  so  that  it  is  apt  to  leak.      There  are  three  methods  of  rc- 

■    fitting:  a  new  and  larger  piston;  the  valve-seat  bored  out  -^x^  a 

"fihing  inserted  which  fits  the  worn  piston;  or  a  special  device 

I  pfovitled  to  take  up  the  wear.     In  the  Mackintosh  and  Seymour 

wrirontal,  high-speed   engine   the   seat   is  split  and  can  l>c  cnn- 

'racted  by  an  adjusting -screw  (page  109).      The  rotary  valve  has 

advantages  similar  to  those  of  the  piston  valve ;  in  fact,  an  even 

^lUlIcr  motion   will   cause  a  large  opening  of  the  port,  but  it  is 

^  difiicult  to  adjust  for  wear.      Rotary  valves  have,  however, 

been  used  very  successfully  in  the  Corliss  types  of  engine. 

filve  Gear. — The   valves   are   caused  to  open  aixd  cVoac  m 
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itric  automatically  opens  and  closes  the  valve.  It  is  possible 
by  oae  simple  eccentric  and  slide-valve  to  obtain  quite  a  perfect 
action  of  steam  in  the  cylinder.     This  is  done  by  proportioning 
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Fiq.  27.    iMoa  0/  Yttlot. 


adjusting  the  position  and  throw  of  the  eccentric,  and  the  rela- 
tive widths  of  the  ports  and  faces  of  the  valve,  in  such  a  way  that 
th«  valve  opens  slightly  just  before  the  commencement  of  each 


Fig.  23     Lap  of  Valvt. 

kc.  in  order  to  obtain  full  pressure  in  the  cylinder.  The 
Mifiunt  of  this  opening,  called  the  /rat/,  is  secured  by  setting  the 
wcentric  a  little  more  than  90*  in  advance  of  the  crank,  as  repre- 
sented in  Fig.  27.  The  faces  of  the  valve  are  also  made  wider 
tiun  the  steam-port,  so  that  when  the  valve  is  in  its  middle  posi- 
tion it  overlaps  the  edges  of  the  port,  as  represented  in  l-'ig.  28. 
In  this  way  the  steam  is  cut  off  before  the  end  of  the  stroke,  and 
Iben  acts  expansively,  which  is  necessary  to  obtain  economy.  The 
»idtj»  of  the  overlap  on  the  steam  or  induction  edge  A.  of  the 
^ve,  is  called  the  outside  lap,  and  that  on  the  exhaust  or  eduction 
«^  B,  of  the  valve,  the  inside  lap.  The  former  is  usually  mnde 
gmtcr  than  the  latter,  as  indicated  in  Fig.  28,  in  order  that  the 
pwt  shall  open  sooner  and  more  widely  to  exhaust  than  to  take 
team,  which  diminishes  the  back  pressure.  In  other  words,  it 
a  obviously  objectionable  to  limit  the  outlet  of  the  steam  in  the 
*3Jnc  manner  as  the  inlet.  The  outside  lap  necessitates  a  still 
'mthcr  angular  advance  of  the  eccentric,  with  respect  to  the 
crank,  in  order  to  open  the  valve  at  the  beginning  oi  tVve  sUoV.t. 
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as  shown  in  Fig.  27.  Jt  is  customary,  particularly  in  high-speed 
engines,  to  close  the  exhaust  a  little  before  the  end  of  the  stroke, 
and  obtain  what  is  called  compression,  or  cushioning,  which  tends 
to  relieve  the  shock  due  to  reversing  the  motion  of  the  piston 
and  other  parts.  This  also  raises  the  steam  remaining  in  the 
cylinder  to  a  pressure  similar  to  that  of  the  boiler,  thus  avoid- 
ing the  impact  which  would  occur  if  high-pressure  steam  were 
sucidunly  admitted  to  a  space  having  a  pressure  only  equal  to 
that  of  the  atmosphere.  Iii  Fig.  26,  the  position  and  action  of 
the  valve  is  represented  in  the  circle  above,  and  the  action  of  the 
steam  in  the  cylinder  is  shown  in  the  indicator  diagram  below.  A 
study  and  comparison  of  these  will  give  a  clear  idea  of  the  princi- 
ples of  valve-action  and  steam-distribution  in  engines.  The  ordi- 
nary slide-valve,  considering  its  simplicity,  gives  a  remarkably 
good  action  of  the  steam  in  the  cylinder;  but  to  obtain  a  really 
perfect  effect,  and  to  cause  the  admission,  cutting  off,  and  the 
release  of  the  steam,  as  well  as  the  closing  of  the  exhaust,  each 
to  occur  at  the  proper  instant,  and  to  enable  them  to  be  indepen- 
dently adjusted,  it  is  ilesirable  to  separate  the  valve  functions  of 
admission  and  exhaust  of  steam.  This  can  be  done  by  the  use 
of  two  valves  driven  by  separate  eccentrics,  one  acting  in  the 
ordinary  way  to  control  the  general  distribution  of  the  steam,  and 
the  other  operating  to  cut  off  the  steam  at  the  proper  point,  or 
by  the  use  of  three  or  four  separate  valves,  each  performing  one 
or  more  of  the  functions  of  the  single  valve  described  above. 

The  special  forms  of  valve-gear  for  obtaining  economy,  regula- 
tion, and  other  effects  in  the  working  of  steam-engines,  are  best 
described  in  connection  with  the  various  types  of  engines  which 
have  been  developed  as  a  result  of  years  of  experience,  and  in 
which  the  valve  mechanism  is  the  most  important  and  distinctive 
feature.     These  are  given  in  the  next  chapter.  ■ 

The  Governor.  —  An  engine  which  always  works  with  a  con- 
stant load  would  have  a  constant  speed,  provided  the  steam- 
pressure  did  not  vary.  In  practice,  however,  the  load  on  a 
steam-engine  changes  from  time  to  time ;  and  in  electric  lighting, 
although  these  changes  are  rarely  .sudden,  nevertheless  they  are 
very  great,  since  the  number  of  light.s  in  the  daytime  may  be  very 
small,  and  in  the  early  evening  the  engine  may  have  to  carry  its 
full  rated  load.     The  fly-wheel,  which  will  be  discussed  later,  at 
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to  pfe%'ent  sudden  or  transient  changes  in  speed  due  to  variations 
in  the  load  on,  or  power  of,  the  engine  during  a  single  stroke ; 
but  something  is  required  to  regulate  for  changes  in  load  that  are 
permanent,  or  at  least  last  for  several  strokes. 

The  device  used  to  secure  this  control  of  speed  is  called  a 
governor ;  and  it  acts  either  to  regulate  the  supply  of  steam  by 
changing  the  opening,  to  a  greater  or  less  extent,  of  a  valve  in 
the  main  steam-pipe,  or  by  automatically  changing  the  point  in  the 
stroke  at  which  the  steam  is  cut  off.  These  two  types  are  called, 
respectively,  throttle  and  automatic  cut-ojf  governors;  and  either 
of  them  requires  to  be  adjusted  to  admit  just  sufficient  steam  to 
give  the  power  necessary  to  maintain  practically  the  same  speed, 
whatever  the  load  may  be.  The  throttle  governor  was  the  only 
one  employed  up  to  the  time  when  Corliss  invented  and  introduced 
his  remarkable  automatic  cut-oft*  valve-gear,  that  is  universally 
rcgirded  as  one  of  the  greatest  improvements  in  steam-engines 
since  the  time  of  Watt,  and  which  to  this  day  is  used,  with  only 
slight  modifications,  in  many  of  the  largest  and  best  stationary 
engines  in  America  and  Kuroj^e. 

The  throttle  type  of  governor  is  not  usually  considered  desir- 
able In  this  country,  except  in  small  or  unimportant  engines.  It 
Hm  the  defect  that  it  acts  to  destroy  a  portion  of  the  pressure  of 
the  steam,  or  "wire-draw"  it.  This  tends  to  reduce  the  effi- 
ciency of  the  engine ;  but  the  superheating  of  the  steam  which 
rtsulb  from  its  being  "wire-drawn"  through  the  throttle-valve 
ainjost  makes  up  for  the  loss  of  pressure  by  diminishing  cylinder 
condensation.  The  VVillans  engine  (sec  next  chapter),  which  is 
very  commonly  used  in  English  Iighting-pIants,  and  to  a  certain 
extent  also  in  this  country,  has  a  simple  throttle  governor. 
It  is  claimed  that  this  engine  gives  economical  results  in 
actiial  use  that  are  fully  equal  to,  if  not  better  than,  those 
obtained  by  automatic  cut-off  engines,  probably  because  the  lo.ss, 
dw  to  diminished  pressure,  is  partly  offset  by  the  gain  due  to 
wperheating,  as  already  stated.  Furthermore,  stations  employing 
^'illans  engines  usually  subdivide  the  power  into  a  number  of 
"nils,  only  a  sufficient  number  of  engines  being  run  to  properly 
ciny  the  load,  thus  making  it  unnecessary  to  throttle  the  steam- 
wpply,  since  the  engines  are  almost  always  running  at  or  near 
M  load,  and  the  governors  only  require  to  regulate  lot  smaSl 
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fluctuations.  Willans  engines  are  corapound  or  triple  expansion, 
which  also  tends  to  make  them  economical.  An  automatic  cut- 
off governor,  on  the  other  hand,  allows  the  steam  to  enter  the 
cylinder  at  full  pressure  for  a  certain  fraction  of  a  stroke,  and 
then  the  steam  is  suddenly  cut  off.  This  is  theoretically  and 
practically  a  more  economical  use  of  steam,  and  would  seem  to 
be  very  important  in  engii^es  working  at  light  load  for  any 
considerable  portion  of  the  time.  But,  unfortunately,  cylinder 
condensation  (described  later  in  the  present  chapter)  causes  great 
losses,  particularly  with  an  early  cut-off,  which  the  superheat- 
ing due  to  throttling  reduces,  as  we  have  seen ;  consequently, 
the  automatic  cut-off  is  not  so  much  better  than  the  throttle 
governor  as  it   has  generally  been  supposcfl  to  be. 

The  thretiU  gffi'ernor  is  simple  in  construction,  consisting 
usually  of  two  weights  suspended  from  a  vertical  spindle  caused 
to  revolve  by  connecting  it  with  the  main  shaft  through  gearing 
or  belting.  When  the  s]>ecd  rises  above  the  proper  point,  the 
weights  fly  out  by  centrifugal  force,  which  partially  shuts  the  valve 
in  the  steam-pipe  by  means  of  levers  and  rods.  In  the  Willans 
Engine  [Fig.  56)  the  governor  is  mounted  directly  on  the  sliaft. 

The  autonmtic  cut-off  gm^ernor  exists  in  many  difierent  forms, 
which,  however,  may  be  arranged  in  two  classes  similar  to  tlic 
foregoing.  First,  those  in  which  the  cut-off  is  controlled  by  a 
centrifugal  governor  with  a  vertical  spindle,  Corliss  engines  being 
of  this  tyjx:.  Second,  those  forms  of  governor  which  are  mounted 
upon,  and  revolve  with,  the  main  shaft  of  the  engine,  and  are 
called  shaft-governors.  This  latter  type  has  several  very  impor- 
tant advantages ;  being  carried  by  the  main  shaft,  it  does  not 
have  to  be  driven  by  belting  or  gearing,  which  involves  compli- 
cation, indirectness,  is  more  or  less  unsightly,  and  likely  to  fail 
and  allow  the  engine  to  race.  The  shaft-governor,  being  upon 
the  shaft,  is  directly  connected  to  the  eccentric,  and  thereby  con- 
trols the  action  of  the  valve  effectively  and  conveniently ;  but  a 
shaft-governor  requires  a  considerable  speed  of  rotation  in  order 
to  give  sufficient  centrifugal  force  to  operate  it,  and  is  therefore 
only  applicable  to  high-speed  engines  of  200  or  more  revolu- 
tions per  minute.  The  shaft-governor  contributes  more  than 
any  other  element  to  the  comi)actncss,  perfection  of  regulation, 
and  general  success  of  the  high-speed  automatic  cut-oS  engine 
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which  have  been  so  very  extensively  used  for  electric  lighting 
in  America,  and  arc  so  convenient  for  small  plants. 
^h  Any  form  of  governor  in  order  to  give  perfect  regulation, 
that  is,  maintain  a  constiUit  speed,  must  be  designed  in  accor- 
dance with  certain  mechanical  principles.  The  general  condition 
to  be  fulfilled  is  that  the  governor  must  move  from  one  limit 
of  its  throw  to  the  other  with  a  very  small  change  in  speed, 
usually  about  1  or  2  per  cent.  This  requires  tluit  the  centrifugal 
force  shall  be  practimlly  equal  to  the  force  due  to  the  spring  or 
weight  which  opposes  t/te  centrifugal  force,  in  every  position  of  the 
gox^entor-Tvcights.  A  governor  of  this  sort  is  called  isochronous^ 
since  it  will  only  run  at  one  speed ;  and  the  slightest  excess  of 
speed  will  cause  the  weights  to  fly  out  to  their  extreme  limit. 
and  either  throttle  or  cut  off  the  steam,  so  as  to  bring  the  speed 
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fif.  39.     TItmntletti  Parabolic  Booarnor. 


fig.  30.    Praetleal  Qaatrnar. 


^Vtt  again  to  its  normal  value.  Theoretically,  if  the  weights 
twve  in  the  arc  of  a  parabola,  as  represented  in  l*'ig.  29,  the 
effect  of  the  centrifugal  force  and  gravitation  is  exactly  balanced 
W  every  point  for  a  certain,  speed.  In  practice  it  would  be  diffi- 
cult to  arrange  the  weights  to  move  in  a  path  of  this  form ;  and 
ti>cy  arc  therefore  suspended  by  an  arm  from  a  pivot,  and  move 
"1  the  arc  of  a  circle,  CCC,  which  is  made  to  approximate  as 
closely  as  possible  to  the  ideal  parabola,  PPP,  as  indicated  in 

I  Fig.  80.  As  a  matter  of  fact,  the  difference  is  less  than  that 
'bwn  in  the  figure,  and  the  arc  of  motion  is  also  less ;  indeed, 
ii  is  probably  better  than  if  the  ideal  curve  could  be  attained, 

l*itice  a  governor  which  is  perfectly  isochronous  would  be  too 
•ensitive,  tending  to  shift  back  and  forth  from  one  end  of  its 
PMh  to  the  other. 
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*^*Hnnting"  of  Engine'Govemors. — The  motion  of  governors 
which  is  called  "  hunting*  "  is  usually  caused  by  the  fact  that  the 
forces  arc  adjusted  for  nearly  perfect  sj'nchronism.  and  if  the 
speed  increases,  the  friction  and  inertia  of  the  part?  prevent  them 
from  acting  instantly;  but  when  the  governor  docs  act,  it  flies  to 
the  limit  of  its  range,  and  thereby  reduces  the  supply  of  steam 
and  the  speed  more  than  it  should.  The  converse  of  this  action 
then  takxs  place,  and  so  on,  thus  causing  objectionable  fluctuations 
in  speed.  Two  or  more  engines  driving  alternating  current- 
generators  in  parallel  are  particularly  likely  to  "hunt,  "due  to 
surging  of  the  current.  This  matter  is  discussed  in  several  papers 
read  before  the  American  Institute  of  Electrical  Engineers,  Oct. 
25,  1901.  Various  methods  of  overcoming  the  difficulty,  which 
is  sometime?-  very  serious,  are  there  considered.  The  simplest 
way  to  prevent  hunting  of  an  engine-governor  is  to  provide  it 
with  a  dashpot.  in  order  to  make  the  motion  of  the  governor 
gradual  and  steady.  If  the  governor  is  too  small,  the 
force  which  it  exerts  is  not  sufficient  to  affect  the  valve  until 
the  speed  has  changed  considerably,  which  would  also  cause 
hunting.  This  is  avoided  by  making  both  the  centrifugal  force 
of  the  governor-weights,  and  the  force  which  balances  it,  great^l 
so  that  a  small  percetitage  of  difference  between  them  will  have™ 
considerable  actual  value. 

For  example,  if  the  centrifugal  force  of  the  weights  at  the 
proper  speed  is  1,000  lbs.,  and  it  is  exactly  balanced  by  the 
force  of  a  large  spring,  then  a  variation  of  1  per  cent  in  speed 
will  cause  a  change  of  about  2  per  cent  in  centrifugal  force, 
which  gives  an  effective  force  of  20  lbs.  to  cause  the  action  of 
the  governor.  The  tendency  to  hunting  is  usually  greater  at 
very  light  loads  than  at  half  load  or  more,  the  effect  of  the  load 
being  to  steady  the  governor. 

Another  method  of  securing  considerable  force  to  control 
the  valves  is  to  adopt  some  relay  arrangement ;  that  is,  the 
governor  proper  merely  puts  a  screw  or  hydraulic  mechanism 
into  action.  In  this  way  the  governor  itself  may  be  made  small 
and  with  little  friction ;  at  the  same  time  the  force  which  actu- 
ally regulates  the  valve  maybe  considerable.  A  device  of  this 
class  is  employed  to  govern  the  speed  of  the  Curtis  steam  turbine 
made  by  the  General  Electric  Company  and  described  at  the  ei 
of  Chapter  XL 
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If  a  spring  be  employed  to  give  the  centripetal  force  which 
holds  the  governor-weights  from  flying  out,  isochronism  may  be 
obtained  by  adjusting  the  length,  tension,  and  angle  of  the 
spring  so  as  to  balance  approximately  the  centrifugal  force  in 
all  positions.  This  can  be  applitxl  cither  to  the  ordinar>-  verti- 
cal form  of  governor,  or  to  a  shaft-governor,  the  latter  being 
always  made  in  this  way. 

The  general  principle  of 
these    latter    governors    is 
shown  in  Fig.  31,  in  which 
FF  is  the  fly-wheel,    rotat- 
ing on   the  shaft  A.     The 
governor-weight    W  is   piv- 
oted so  that  it  swings   out 
in  practically  a    radial  line 
from  the  center  of  the  fly- 
wheel.     The   spring    S  is 
adjusted  so  that  at  the  in- 
nermost   position    of     the 
weight  the  spring   tension 
exactly  equal  to  the  cen- 
trifugal force  at  the  correct  speed.    The  length  of  the  spring  must 
then  be  such  that  its  tension  increases  directly  as  the  distance  of 
the  weight  from  the  center  increases ;   that  is,  when  the  weight 
flies  out  to  a  position  indicated  by  the  dotted  lines,  and  is  twice 
as  far  from  the  center,  the  tension  of  the  spring  will  then  be 
doubled :   and  since  centrifugal  force  increases  directly  with  the 
radius  at  a  constant  speed,  it  follows  that  the  centrifugal  force 
and   spring  tension    will    always  be   balanced  at  that  particular 
speed.     But  if  the  latter  falls  even  slightly,  the  centrifugal  force 
is  less  than  that  of  the  spring  in  every  position,  and  the  weights 
move  all  the  way  inward,  causing  the  valve  to  admit  more  steam, 
thus  keeping  up  the  speed,  or  vke  versa.    Actual  forms  of  gover- 
nors are  shown  in  Figs.  48.  54,  and  other  illustrations  of  Chap.  XI. 
Dynajnometric  Governors  in  which  the  steam-supply  is   regu- 
lated in  proportion  to  the  load  transmitted  have  also  been  used. 
These  are  theoretically  more  perfect  than  a  centrifugal  governor, 
MiKc  the  latter  requires  a  change  of  speed  in  order  to  act,  and 
tWefore   permits   the  very  thing   it   is   intended   lo   pTCvcTv\.\ 


f/gi  31.    FriDfilpSe  of  Shaft  OiKtriiQf. 


L 


188  ELECTRIC  LIGHTING. 

nevertheless,  dynamometric  governors  have  not  been  successful, 
probably  for  the  reason  that  they  have  the  inherent  fault  of 
being  in  unstable  equilibrium.  Assume,  for  example,  that  the 
speed  accidentally  increases  slightly  above  the  normal,  as  it  is 
certain  to  do  occasionally,  then  this  excess  of  speed  tends  to 
make  the  resistance  to  rotation  greater;  that  is  to  say,  it  would 
have  an  effect  similar  to  a  slight  addition  of  load.  This  would 
cause  the  dynamometer  to  increase  the  supply  of  steam,  which 
would  still  further  augment  the  speed,  and  thus  the  trouble 
would  become  aggravated.  It  would  require  a  speed-governor 
as  a  check  on  the  dynamometer,  hence  the  latter  is  superfluous. 
Electromagnetic  Governing  Devices  have  been  applied  to 
steam-engines  with  some  success ;  and  they  would  seem  to  be 
the  best  means  to  regulate  engines  used  for  dri\'ing  dynamos, 
since  they  would  enable  the  speed  and  power  of  the  engine  to 
be  directly  controlled  by  the  current  generated,  which  the  steam- 
engine  governor  has  for  its  real  and  ultimate  object.  Such  a 
governor  is  quite  simple  in  principle,  and  consists  of  an  electro- 
magnet or  solenoid  fed  with  current  from  the  dynamo,  which  is 
driven  by  the  cnginn.  WTien  the  current  becomes  excessive, 
the  electromagnet  attracts  Its  armature  against  the  force  of  a 
spring  or  gravity,  and  the  motion  of  the  armature  operates  the 
valve  by  suitable  mechanism,  reducing  the  supply  of  steam,  and 
thus  bringing  the  speed  and  current  back  to  the  proper  point. 
TTie  coils  of  the  magnet  can  either  have  a  great  many  turns  of 
fine  wire  connected  in  parallicl  with  the  main  circuit,  to  main- 
tain a  constant  potential,  or  they  may  consist  of  a  few  turns  of 
large  wire  connected  directly  in  series  with  the  main  circuit  for 
constant-current  working.  The  device  ts  adjusted  by  varying 
the  pull  of  the  weight  or  spring. 

For  a  full  treatment  of  the  theory  and  construction  of  steam- 
engine  governors,  the  reader  is  referred  to  Thurston's  Man- 
ual of  the  Steam  Engim\  Part  U.,  pages  300  to  413.  The 
hunting  of  governed  engines  is  discussed  by  James  Swinburne  i 
in  a  paper  with  this  title  read  before  the  British  Association, 
Oxford,  1894. 

Connecting-rods  are  used  in  engines  to  connect  the  piston-rod 
with  the  rotating-crank,  and  act  to  convert  the  reciprocating 
motion  of  the  piston  into  the  rotary  motion  of  the  shaft.     They 
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chould  be  made  of  steel,  since  they  are  subjected  to  considerable 
strain,  due  to  the  push  and  pull  of  the  piston,  and  in  high-speed 
engines  the  up  and  down  throw  of  the  connecting-rod  tends  to 
bend  it  trarsverscly,  first  one  way  and  then  the  other,  and  some- 
times   breaks   it,   causing    a   serious   accident.     For    this    reason 
■the  connecting-rods  of  high-speed  engines  axe  made  of  rectangu- 
lar cross-section,  the  dimension  in  the  plane  of  its  motion  being 
two  or  three  times  the  other  dimension.    The  length  of  the  con- 
necting-rod is  very   rarely  less   than  twice  or  more  than  three 
times  the  length  of  stroke.     Greater  length  decreases  the  obliquity 
and  the  side-thrust  on  the  cross-head  referred  to  below,  but    it 
makes  the  rod  heavier  as  well  as  weaker.     The  adjustment  of  the 
tightness  of   the  connecting-rod  end  on  the  crank-pin  is  one  of 
the  troublesome  points  in  handling  an  engine.      If  it  is  too  tight, 
the  crank-pin  will  heal ;  and  if  too  loose,  it  will  "  knock,"  due  to 
lost    motion.     A   very   slight   looseness,  with  barely  perceptible 
knrxrking,  is  safest ;  since  a  hot  crank-pin  is  far  more  objection- 
able than  a  little  noise,  and  it  is  impossible  to  make  the  proper 
adjustment  while  the  engine  is  running. 

I      Cross-heads  and  Slides.  —  The  cross-head  is  the  name  given 
to  the  part  which  connects  together  the  piston-rod  and  connect- 
^g-rod   of   a  steam-engine,  and    moves    back    and   forth    in   the 
slides,  thus  guiding  the  outer  end  of  the  piston-rod. 

In  good  practice  the    rubbing    surface  of    the   cross-head    is 

f«uch  that  if  K  be  the  velocity  (piston  speed)  in  feet  per  minute, 

/  be  the  pressure  in  pounds  per  square  inch,  then*  — 

pV  <  60,000,         and        pV>  40,000. 

Pision  speeds  are  usually  between  300  and  800  feet  per  minute, 
and  the  allowable  pressure  is  about  60  pounds  per  square  inch 
for  high-speed  to  1">0  for  low-speed  engines.  This  /  includes 
the  sum  of  all  the  pressures  forcing  the  two  rubbing  surfaces 
t'^her,  but  is  almost  entirely  due  to  the  thrust  caused  by 
iogular  position  of  the  connecting-rod  with  respect  to  the 
piston-rod,  being  zero  when  the  two  are  in  a  straight  line,  and 
*  naximum  when  the  connecting-rod  and  the  crank  are  at 
^bt  angles.  If  the  engine  turns  "over,"  that  is,  the  crank 
"lotcs  forward    in    the    upper   half   of   its   revolution,   then   the 

•  Thurstob'i  Manual  o/lkt  Sttam  Engin/,  Pul  It.,  ^.  92. 
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pressure  of  the  cross-head  on  the  slides  is  always  downward, 
and  the  surfaces  are  easily  kept  lubricated.  But  if  the  crank  ^| 
turns  in  the  opposite  direction,  —  that  is,  the  engine  turns  ™ 
"under,"  —  then  this  pressure  is  always  exerted  upward,  which 
renders  lubrication  much  more  difficult,  since  the  oil  tends  to 
run  off  of  the  rubbing  surfaces.  Nevertheless,  on  account  of 
the  belting,*  and  for  other  reasons,  engines  are  sometimes  run 
in  a  left-handed  direction  ;  but  it  should  be  avoided  if  possible. 

The   Fly-wheel    has   for   its    object    the    maintenance    of    a  fl 
steady  speed  in   spite  of  the  variations  in  action  which  occur.  ^ 
These   variations   arc   of    three   general    kinds:    change   in    the 
steam-pressure  due  to   expansion,  variation    in   the   leverage   at 
which  the  piston  acts  on  the  rotating-crank,  and  variations   in 
the  load  on  the  engine. 

In  electric  lighting,  the  two  former  causes  of  variation  must 
be  carefully  guarded  against,  since  even  slight  fluctuations  in 
speed  at  different  parts  of  the  stroke  would  produce  very  disa- 
greeable flickering  in  incandescent  lamps.  This  is  often  i>er- 
ccptiblc ;  and  it  is  possible  to  count  the  strokes  of  the  engine 
by  observing  the  lamps  themselves,  or  a  white  surface  placed 
near  them,  the  latter  being  a  more  sensitive  test.  The 
changes  in  load  which  occur  in  electric  lighting  are  gradual  if 
lamps  are  turned  on  and  off  a  few  at  a  time,  as  is  ordinarily 
the  case;  and  the  governor  of  the  engine  acts  to  maintain  a 
nearly  constant  speed.  But  if  a  number  of  lamps  are  suddenly 
lighted,  in  a  theater  for  example,  or  if  a  short  circuit  occurs, 
the  fly-wheel  should  keep  up  the  speed  until  the  governor  has 
time  to  act.  In  practice,  however,  calculations  of  the  size  of 
the  wheel  required  cover  only  the  first  two  causes  of  variation 
enumerated  above;  since  the  sudden  changes  in  load  are  of  in- 
definite value,  particularly  in  the  case  of  a  short  circuit,  and 
the  fly-wheel  is  only  expected  to  take  care  of  ordinary  fluctua- 
tions of  this  kind. 

Tfu   weight    of  jly-wluel   required    may   be    determined    as 

follows :  — 

yv=  effective  horse-power  of  the  engine. 
n  =  number  of  revolutions  per  minute. 
O  =  weight  of  fly-wheel  rim  in  lbs. 

•  SccChapl"  XV. 
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V  s.mean  speed  of  rim  in  feet  per  second. 

1  _  r  max.  —  v  mm. 

1 


=  coefficient  of  fiuctuation  of  speed. 


For  a  single  cylinder  engine  we  have,  G  =  C 


if'n 


The  coefficient,   C,   is  dependent  upon    the   point   of  cut-off, 
tad  upon  the  ratio  of  the  lengths  of  stroke  and  connecting-rod. 

tThis  ratio  is  usually  about  % ;  and  assuming  this  figure,  we  have 
forC  the  following  values:  — 


POINT  OP   CUT-OFF    IN    FRACTIONS   OF  STROKE. 
.10  .10  .ao  .86  .38 

C=241i>0U         230000  218500         207000  1S4000 
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Foi  electriclight  engines  the  permissible  variation  in  speed 
during  (he  stroke  should  not  exceed  1  or  2  per  cent,  hence 
ihc  valie  of  d  is  50  to  100. 

For  engines  with  two  cylinders,  and  having  cranks  at  90", 
the  wcij^-ht  of  fly  wheel  required  is  only  about  i  as  much  as  in, 
'i^gle-crank  engines ;  and  for  three-cylinder  engines  with  cranks 
a  120°.  it  is  still  less. 

The  st>i.*<tgtk  of  Jiy-wheeb  is  a  matter  of  serious  importance, 
a  number  or  them  have  burst  with  disastrous  results  in 
ical  plants.  These  accidents,  however,  have  been  more 
^^cnt  in  electric-railway  than  in  electric-lighting  stations. 

In  the  Eluirical  World  of  Oct.  21,  1893,  p.  306,  an  account 
•*  given  of  ti\c  bursting  of  a  fly-wheel  of  an  engine  in  an 
^cctric-railway  power-station  in  Brooklyn,  New  York.  This 
*hcel  was  18  f^et  in  diameter,  and  weighed  about  20  tons.  The 
^lition  building-  was  partly  demolished ;  and  some  large  frag- 
otats,  weighinj^  many  hundred  poimds,  crushed  through  the 
Mof  a  house  several  hundred  feet  away,  the  results  being  some- 
times even  more  serious  and  far-reaching  than  those  of  a  boiler 
explosion. 

Fly-wheels  were  formerly  designed  on  a  somewhat  rough  and 
">c<wnplcte  theory  of  the  straining-actions ;  and  to  balance  the  im- 
Pwfection  of  the  theory,  very  low  working  stresses  were  assumed, 
""*  this  is  not  a  positive  way  to  secure  safety.  The  ordinary 
"^'Iculations  apply  to  the  tension  of  tlic  rim  due  to  its  centrifugal 
'wccandlo  Uic  bending  of  the  arms  caused  by  the  acceleration 
"* 'ctordation  of  Che  rim,  but  proper  allowance  s\\o\Ad  a.\so\>t 
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lUJtIc  for  the  bending  of  the  rim  between  the  arms  and  other 
actions  that  occur,  especially  in  targe  or  high-speed  wheels. 

If  we  consider  the  fly-wheel  to  be  a  simple  ring  of  cast  iron, 
and  assume  that  the  effect  of  centrifugal  force  is  to  slightly 
expand  it  uniformly  in  ail  directions,  as  indicated  in  Fig.  32,  we 
have  the  expression :  /  =  .097  v*,  in  which  /  is  the  tension  in 
the  rim  in  pounds  per  square  inch,  and  v  is  the  velocity  of  the 
center  of  the  rim  in  feet  per  second. 

In  the  case  of  fly-wheels  having  teeth  or  portions  of  the  rim 
cut  away  for  bolt-holes,  etc.,  the  centrifugal  force  will  be  practi- 
cally the  same  as  in  a  rim  of  uniform  size  having  the  same 
weight,  but  the  strength  will  be  less ;   and  the  expression  then 

becomes,/^  —  .097  t?,  in  which  A  is  the  cross-section  of  a  \xxv\- 
a 

form  rim  of  the  same  weight  and  diameter,  and  a  is  the  actual 

cross-section  at  the  weakest  point.     The  arms  or  spokes  of  the 

wheel  would  apparently  aid  the  rim  in  resisting  centrifugal  force; 

but  actually  their  effect  is  often  detrimental,  since  the  rim  tends 

to  bulge  out  between  the  arms,  as  indicated  in  Fig.  33,  and   is 

thus  subjected  to  a  bcnding-stress  in  addition    to   the   tension. 

This  produces  a  stress  which   is  usually  considered   to   be   fifty 

per  cent   more  severe  than  the  simple  tension  ;  but  the  effects 

arc  complicated,  and  difficult  to  determine  exactly. 

The  arms  arc  also  subjected  to  a  bendtng-strain  due  to  varia- 
tions in  the  velocity  of  the  wheel.  For  example,  the  engine  musC 
bring  the  fly-wheel  up  to  full  speed  in  starting ;  and  the  accelera- 
tion tends  to  bend  the  arms,  as  represented  by  dotted  lines  iim 
Fig.  84,  assuming  the  direction  of  rotation  to  be  right-handed- 
A  similar  effect  is  produced  at  the  beginning  of  each  stroke  when 
the  steam -pressure  is  greatest ;  and  the  arms  tend  to  bend  in  tbff 
opposite  direction  at  the  end  of  the  stroke  when  the  pressure  i» 
much  reduced  by  expansion.  These  effects  are  normal,  and  rarely 
serious;  but  much  more  severe  stresses  are  produced  by  a  short 
circuit,  or  the  sudden  putting  on  or  taking  off  of  heavy  loads,  and 
many  authorities  consider  this  to  be  one  of  the  chief  causes  oi 
fly-wheel  accidents. 

The  greatest  twisting  force  due  to  any  or  all  causes  which  it 
is  allowable  for  the  shaft  to  transmit  to  the  fly-wheel,  or  vict  vtrs^ 
through  the  arms,  is  given  by  the  formula  :   T  m^  nf^Z. 
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Fig,  84. 
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In  this  expression  T  is  the  maximum  twisting  movement 
between  the  shaft  and  the  fly-wheel  rim  ;  «  is  the  number  of 
amis  ;_/,  the  safe  stress  per  unit  cross-section  of  the  arm  due  to 
bending ;  and  Z  is  the  modulus  of  section  of  the  arm.  For  a. 
square  Z  =\  ^\  for  a  rectangle  Z  =  i  ^;  for  an  elliptical  sec- 
tion of  arm  Z  =  —  bt^,  in  which  a  is  the  dimension  of  the  arm 

in  the  plane  of  rotation,  and  b  at  right  angles  to  it. 

Another  important  cause  of  strains  in  fly-wheels  is  that  aris- 
ing from  the  fact  that  the  plane  of  the  wheel  may  not  be  per- 
pendicular to  the  axis  of  rotation.  It  is  often  stated  thai  this 
is  a  ggflfmcopic  action,  and  that  it  tends  to  bend  the  rim  back  and 
forth  ;  but  both  of  these  statements  are  erroneous.  In  Fig.  .35, 
let  FG  represent  the  axis  of  rotation,  and  let  PQ  represent  tbwl 
plane  of  the  fly-wheel,  which  in  this  case  is  improperly  mounted 
upon  the  shaft,  so  that  it  is  not  perpendicular  to  the  axis  FG. 
When  the  wheel  revolves,  it  tends  to  be  bent  into  the  form  indi- 
cated by  the  dotted  line  L^f\  but  there  is  no  bending  back  and 
forth,  since  the  point  P  always  tends  to  be  bent  toward  /,,  and 
everj*  other  point  of  the  wheel  always  tends  to  be  deflected  in 
the  same  direction  ;  that  is,  towards  a  plane  perpendicular  to  the 
axis  of  rotation.  ^| 

The  only  way  in  which  there  can  be  gyroscopic  action  is  fo^' 
the  axis  of  rotation  FG  to  be  shifted  through  a  certain  angle 
into  the  position  JK  in  Fig.  36.  Then  the  fly-wheel  rotating 
in  the  plane  57"  will  strongly  resist  any  deflection  from  this  plane, 
and  will  therefore  be  bent  into  a  form  represented  by  the  doited 
line  HN.  If.  now,  the  axis  of  rotation  be  brought  back  to  its 
original  position,  FG,  then  the  arms  of  the  fly-wheel  will  be  bent 
back  and  forth  perpendicular  to  the  plane  of  the  wheel,  produ- 
cing a  most  severe  effect.  This  can  occur  only  when  the  fly-wheel 
shaft  swings,  as,  for  example,  on  board  ship,  or  because  the  bear- 
ings arc  worn  too  large  or  arc  not  securely  held,  thus  allowing 
the  shaft  to  move  laterally.  Since  the  angle  through  which  a 
ship  rolls  is  usually  greater  than  that  through  which  she  pitches, 
it  is  preferable  to  have  engines  and  dynamos  arranged  so  that 
their  shafts  are  fore-and-aft. 

Another  stress  to  which  the  fly-wheels  are  subjected  is  repre- 
sented in  Fig.  37,  in  which  FG  is  the  axis  and  AA  the  ph 
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ation,  rr  being  the  rim.  which  is  assumed  to  be  wide  and  thia 
The  effect  of  centrifugal  force  is  to  bend  the  rim  into  the  form 
VV,  which  adds  another  bending-force  to  that  shown  in  Fig. 
S3,  in  addition  to  the  simple  tension  (Fig.  32)  of  the  rim,  This 
trouble  may  be  avoided  by  making  the  rim  thicker  and  not  so 
wide,  which  would  not  appreciably  reduce  the  moment  of  inertia; 

in  case  the  rim  must  be  made  widti,  to  carry  a  large  belt,  it 

luld  be  supported  by  two  sets  of  arms,  this  being  a  common 
construction. 

It  is  thought  by  many  engineers  that  fly-wheels  are  often 
ruptured  by  the  actual  crushing  in  of  the  rim,  due  to  the  prea- 
sme  of  the  belt  in  case  of  a  sudden  short  circuit  or  overload.  It 
ti  doubtfiJ,  however,  if  this  inward  pressure  is  likely  to  crush 
the  rim  except  under  most  extraordinary  conditions ;  since  it  is 
opposed  by  the  centrifugal  force,  and  the  rim  of  the  wheel  would 
ict  as  an  arch,  with  great  strength  to  resist  any  forces  directed 
Mfrard,  particularly  if  they  are  distributed.     A  joint  or  thick  spot 

the  belt  would  tend  to  strike  the  rim  a  severe  blow,  and  this 

ight  break  it,  especially  if  aggravated  by  a  short  circuit;  and  of 

ftnirse  if  the  rim  be  broken  at  oviz  point  the  entire  wheel  would 

pi  to  pieces.     The  danger  can  be  avoided  by  making  the  rim 

of  considerable  radial  thickness,  and   by  increasing  the  number 

fli  arms.     In  some  ca.ses  the  receiving-pulley  on  the  dynamo  or 

shaft  appears  to  have  yielded  in  this  way,  such  pulleys  usu- 

'%  being  made  with  rather  thin  rims;  and  the  breaking  of  the 

i\ing-pulley   has   caused    the    failure   of    the    fly-wheel    from 

ich  it  is  driven.  This  might  occur  either  by  a  fragment 
■ing  thrown  or  being  carried  by  the  belt  against  the  fly-wheel. 

Construction  of  Fly-lV/ucls. —\n  view  of  the  somewhat   com- 

icated  strains  in  fly-wheels,  and  the  frequency  as  well  as  scrious- 

of  accidents,  it  behooves  the  engineer  to  exercise  the  greatest 

i&ible  care  in  regard  to  their  design,  construction,  and  operation. 

The  usual  practice  is  to  allow  not  more  than  1,000  lbs.  per 
«iuart-inch  tension  in  cast  iron,  and  5,000  in  wrought  iron,  and 
to  keep  the  tangential  velocity  of  a  cast-iron  rim  below  100  feet 
Kr  second.  These  figures  would  seem  to  be  amply  safe,  the 
Victor  of  safety  being  considerably  greater  than  is  used  in  most 
«lwr  cases ;  nevertheless,  accidents  often  occur  even  with  these 
prtcautions. 
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In  the  accident  already  cited,  which  occurred  ia  Brooklyn,  the 
normal  velocity  of  the  fly-wheel  was  only  85.87  feet  per  second ; 
but  this  speed  must  have  been  far  exceeded  when  the  accident 
occurred,  as  a  much  higher  initial  velocity  wouJd  be  required  t» 
carry  the  fragments  to  the  distances  at  which  they  were  found. 
In  fact,  excessive  speed>  due  to  failure  of  the  governor  or  other 
cause,  is  undoubtedly  the  cause  of  many  fly-wheel  accidents  ;  and 
some  arrangement  for  shutting  off  the  steam  in  case  the  engine 
begins  to  race  is  desirable.  This  may  consist  of  a  centrifugal 
device  which  automatically  closes  the  throttle-valve  by  means 
of  a  mechanical  or  electrical  connection  when  the  speed  rises 
above  the  normal.  One  simple  and  eiTective  arrangement  of 
this  kind  comprises  an  electric  motor  connected  by  worm-gearing 
to  an  auxiliary  throttle-valve.  The  current  for  working  the 
motor  is  obtained  from  the  main  circuits  of  the  plant,  or  from 
a  special  dynamo  of  about  one  horse-power,  the  motor  being 
about  one-half  horse-power.  When  the  circuit  which  operates 
the  motor  is  closetl,  the  latter  immediately  shuts  the  valve.  The 
closing  of  the  circuit  may  be  effected  automatically  by  a  contact 
device  on  the  governors ;  and  the  circuit  may  also  be  led  to 
various  convenient  points,  so  that  it  can  be  closed  by  hand  tf  the 
speed  becomes  excessive.  Abnormally  high  s]>ced,  however,  will 
not  account  for  many  cases  of  fly-wheel  accidents  in  which  the 
speed  does  not  seem  to  have  been  much  above  its  ordinary  value. 
Moreover,  the  velocity  which  is  usually  allowed  is  so  far  below 
that  apparently  required  to  produce  rupture,  that  the  speed  might 
be  doubled,  or  even  quadrupled,  before  the  actual  breaking  should 
take  place.  ^| 

The  fact  that  a  cast-iron  wheel  is  likely  to  have  considerable^ 
initial  strains,  due  to  unequal  contraction  in  cooling  from  the 
molten  state,  is  probably  the  reason  for  the  bursting  of  some 
wheels  which  have  failed  with  only  a  slight  increase  above  normal 
speed.  To  avoid  or  reduce  these  initial  strains,  the  wheel  may  be 
built  up  of  sections  which  are  bolted  together,  instead  of  being 
made  of  one  large  casting,  in  which  latter  the  initial  strains  may 
be  so  great  that  there  is  little  margin  of  strength  left  to  resist^ 
the  centrifugal  force. 

Another  method  that  has  been  employed  to  strengthen  cast-i 
iron  fly-wheels  consists  in  wind  ir  steel  wire  around  thoj 
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with  sufficient  tension  to  greatly  increase  its  resistance  to 
bursting. 

The  use  of  cast  steel  instead  of  cast  iron  for  fly-wheels  would 
igment  their  strength  from  two  to  four  times ;  but  the  cost 
would  also  be  considerably  increased,  and  would  usually  be 
thought  excessive.  Nevertheless,  the  higher  cost  is  far  less 
objectionable  than  danger  of  bursting.  A  woo<len  fly-wheel  was 
made  to  replace  a  cast-iron  one  that  burst  at  the  Amoskeag 
Mills,  Manchester,  N.H.,  in  1891.  The  rim  is  built  up  of  ash 
plank  arranged  to  break  joints,  and  fastened  together  by  lag- 
screws,  and  also  by  through  bolts.  This  is  claimed  to  be  stronger 
ihan  a  cast-iron  fly-wheel ;  but  it  would  hardly  seem  that  it  is  the 
It  construction,  particularly  when  we  consider  that  the  arms 
of  cast  iron,  lx)Itcd  to  the  hub  and  rim,  and  that  the  total 
Kight  of  the  wheel  is  ^2  tons,  of  which  only  16  tons  are  in  the 
im. 

A  radical  departure  from  ordinary  practice  in  fly-wheel  con- 
Mruction  is  that  used  for  driving  dynamos  in  the  station  of  the 
Uaion  Railroad  Company  of  Providence,  R.  I.  {Power,  April, 
l^H).  This  wheel  has  no  arms,  but  consists  of  a  hub.  disk, 
and  rim.  The  hub  is  made  of  cast  iron,  but  the  rim  and  disk 
>rc  entirely  composed  of  wrought-iron  plates  riveted  together,  the 
itaal  weight  being  about  40  tons.  This  construction  is  ctpensive, 
bw  very  strong,  and  should  insure  safety  at  any  reasonable  speed. 
A  very  complete  discussion  of  fly-wheel  theory,  construction, 
tod  accidents  is  contained  in  the  issues  of  The  Electrical  World 
dtffing  October  and  November,  1894,  to  which  contributions  were 
roadc  b)'  twenty  or  thirty  engineers,  including  many  of  the  most 
eminent  authorities  on  the  subject. 

It  has  been  proposed  •  to  use  fly-wheels  of  considerable  weight 
at  high  speed  to  store  energy.  This  might  be  advantageous  for 
the  rapid  fluctuations  of  load  in  electric  railway  work,  but  would 
DM  be  of  much  value  for  the  slow  variations  in  electric  lighting. 

Principles  of  Condensing-Engioes.  —  Almost  any  steam-engine 
can  be  converted  into  a  condensing  one  by  connecting  to  it  an 
apparatus  in  which   the   steam    is   cooled    and    condensed    after 


*  "  PoautnlitW  of  Seeming  better  Rcgublion  kI  CcnlF.-il  Light  nncl  Powei  St-tlkins 
f*r  Veau  of  Plf-W)irrl  AcctimtiUlors."  a  pnper  rea«l  bjr  Joha  G&ll  befoi«  C»i>Ad\uk 
'^Kinal  Socirty,  September,  18M. 
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leaving  the  cylinder  instead  of  being  allowed  to  escape  directly 
into  the  atmosphere.     The  advantage  obtained  is  a  reduction  of 
the  back  pressure  from  that  of  the  atmosphere,  which  is  about 
15  lbs.  per  square  inch,  down    to  about  2  to  5  lbs,  per  square 
inch,  which   is  as  near  a  perfect  vacuum  as  can  be  practically 
maintained  in  a  condenser.      Condensation    has   praclically    the 
effect  of  raising  the  steam-pressure,  since  the  difference  in  pres- 
sure on  the  two  sides  of  the  piston  is  augmented  about  10  lbs. 
per  square-inchj  producing  a  corresponding  increase  in  the  power 
of  the  engine.     Since  this  additional  effective  pressure  is  gained 
without  drawing  any  more  steam  from  the  boiler,  it  follows  that] 
the    efficiency    of    a    condensing-engine    is    higher,    other    things 
being  equal.     This  might  also  be  proved  by  the  fact   that  the 
difference  between  the  initial  and  final  temperatures  of  the  steani 
is  increased.     (See  page  gi.) 

Condensing-engines  are  not  always  desirable,  however,  since  in 
some  cases  the  disadvantages  more  than  offset  the  gain.  For 
example,  in  a  small  plant  the  cost  as  well  as  Increased  complica- 
tion of  the  condenser  and  pumps  would  more  than  countcrbabnW 
the  slight  saving  in  back  pressure.  In  a  simple  (i.e.  non<oni- 
pound)  engine  it  is  not  desirable  to  have  a  great  range  of  tem- 
perature because  of  cylinder  losses  (page  152),  the  usual  extreme 
differences  in  pressure  not  being  more  than  80  to  100  lbs.  I 
hence  if  the  steam -pressure  has  this  value  it  may  not  be  desirable 
to  increase  its  range  by  adding  a  condenser.  Moreover,  it  would 
probably  be  easier  and  cheaper  to  design  the  boiler  for  a  higKcT 
pressure  than  to  have  the  complication  of  a  condenser. 

This  applies  to  comparatively  low  pressures  of  say  80  to  IM 
lbs. ;  but  if  the  pressure  is  already  very  high,  that  is,  160  of 
200  lbs.,  then  of  course  it  is  possible  to  obtain  about  10  lbs.  more 
effective  pressure  by  the  use  of   a  condenser  without  increased 

,  danger.     The  gain,  however,  is  not  a  very  large  percentage  in 

[the  case  of  such  high  pressures. 

The  original  reason  for  using  a  condenser  wras  the  fact  that 
?ery  low  steam -pressures  were  the  rule.  15  lbs.  being  considered' 
ligh  in  the  time  of  Watt  about  one  hundred  years  ago.     Willi 

^.this  pressure   the   addition    of   the   condenser    greatly  increased 

le  power  obtained  from  a  given  size  of  cylinder  and  quantity  <» 

But  at  the  present  time  no  one  would  tbink  of 
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80  lbs.  pressure  in  an  electric-lighting  plant,  and  for 
large  central  stations  125  to  150  lbs.  is  common;  consequently, 
the  additional  effective  pressure  gained  by  condensation  is  a  very 
small  percentage  of  the  boiler  pressure,  but  it  adds  materially  to 
the  power  and  efficiency,  as  explained  in  Chapter  XII. 

There  are  two  radically  different    types  of  condenser^  —  the 
i«  and  the  surface  condenser. 

The  J£t  c<fnd(nscr  is  the  ori^nal  form,  having  been  cmpluyed 
Watt,  and  consists  of  a  chamber  into  which  the  exhaust  steam 
ini  a  jet  of  coo!  water  are  conveyed,  the  former  being  condensed 
W  actually  mixing  with  the  latter.  The  volume  of  the  chamber 
ordinarily  from  one-third  to  one-half  that  of  the  cylinder  of  the 
agine. 

Furms  of  jet  condenser  arc  made  by  the 
nnnuiacturers  of  steam-pumps,  such  as  the 
iake,  Worthington,  Knowles,  and  others. 
The  Blake  vertical  type,  shown  in  Fig.  38, 
wnUsts  of  a  condcnsingchamber,  combined 
*illi  steam-cylinders  which  operate  the  two 
mps,  —  one  to  deliver  the  jet  of  water  to 
ilie  chamber,  and  the  other  to  remove  the 
^r  from  it.  The  jet  condenser  is  used 
*l»cre  the  condensed  water  is  not  returned 
the  boiler,  as  the  steam   takes  up  oil   in  ^f,  gg. 

q'linder  which  may  be  objectionable  in        ««*•  j»(  co«rfM*w. 
iwiler  (see  page  113).     This  type  is  also 
with  salt  or  very  impure  condcnsing-water  (in  land  practice), 
it  is  more  easily  cleaned  than  the  surface  type.     A  con- 
opcraled  by  its  own  steam  cylinder   is   called  imiepvndint, 
is  generally  preferable  to  those  in  which  the  pumps  are  mn- 
ej  to  and  worked  by  the  moving  parts  of  the  engine,  because 
condenser  may  be  started  u[>  before  the  engine,  or  seixirately 
WMroIlcd  in  any  way  that  may  be  desired. 

Tht  surface -condenser  differs  from  the  foregoing  in  the   fact 
the  exhaust-steam  is  not  mixed  nor  brought  in  actual  contact 
h  the  water  which  condenses  it.      In  the  .surface-condenser  the 
is  separated  from  the  cool  water  by  mcl.-iilic  partitions  or 
bcs,  the  ordinary  arrangement   being  to   pasa    the  cool   water 
ugh  brass  tubes  around  which   the  steam  is  cav\scd  lo  cuca- 


L 

^m  denser.     Fig.  39  represents  a  section  of  this  apparatus  in  which 

^M  the  exhaust-steam  from  the  engine  enters  the  condenser  by  the 

^B  nozzle  A,  and  comes  in  contact  with  the  perforated  scattering- 
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;te  Ot  which   protects  the  tubes  from  the  direct  impingement 
o(  the  steam.     The  condensed  steam  gravitates  to  the  bottom  of 
tbe  condenser,  and  flows  through  the  outlet  B  to  the  air-pumpr 
nhich  discharges  it  through  a  pipe  represented  by  a  dotted  circle 
itithc  figure.     The  circulating-pump  on  the  right  forces  the  cool- 
ii^  water  through   the  inlet   C  into  the  compartment  F^  from 
ich  it  passes  into  the  small  tubes  as  indicated.     After  travers- 
ig  the  small  tubes,  the  water  returns  through  the  annular  spaces 
iwccn  these  lubes  and  the  large  tubes  wliich  surround  them, 
empties  into  the  compartment  G :  thence  it  flows  through 
passage  E  into  the  compartment  H.     The  water  then  circu- 
tes  in  a  similar  manner  through  the  tubes  of  the  upper  section, 
and  finally  discharges  through  the  outlet  D.     Both  the  air-pump 
ind  circulating-pump  are  operated  by  a  single  direct-acting  steam- 
cjiinder,   as  shown.     The   tubes  are  arranged  to  be  easily   un- 
screwed and  removed  for  cleaning  or  repairs. 

Wattrfor  Condcnsatien.  — The  obtaining  of  a  sufficient  supply 
of  water  for  this  purpose  is  often  a  difficult  matter,  and  should  be 
considered  in  locating  the  station,  as  stated  in  Chapter  V.  The 
luantily  of  conden sing-water  required  depends  upon  its  tempera- 
,  but  it  is  ordinarily  estimated  to  be  from  30  to  50  times  the 
*(ight  of  water  evaporated  in  the  boiler;  hence  it  takes  about 
iW  to  l.OOo  pounds  per  horsc-powcr  for  each  hour  that  the 
Ifine  is  working.  This  amount  being  so  very  large  it  is  evident 
that  conden  sing -engines  cannot  be  used  unless  an  almost  unlim- 
itol  supply  is  available,  such  as  that  afforded  by  a  river  or  other 
Urge  natural  body  of  water.  The  waterworks  of  a  city,  for  exam- 
pit,  could  not  be  expected  to  furnish  conden  sing- water,  no  matter 
tiftw  ample  the  supply  might  be,  and  in  any  case  the  water-tax 
awld  be  prohibitive.  It  is  possible  to  use  water  for  condens- 
ing which  is  far  less  pure  than  that  required  in  the  boiler,  deposi- 
tioii  of  impurities  being  much  Irss  objectionable,  so  that  salt  water 
'*  often  employed  for  the  condensers  of  clectric-Iight  stations 
«here  these  are  located  on  the  seashore  or  on  an  arm  of  the  sea, 
It  is,  nevertheless,  very  undesirable  even  for  con  den  sing- water  to 
ojfiiMn  salts  or  dirt,  since  they  clog  and  interfere  with  the  work- 
ing of  the  condenser  and  pumps.  For  this  reason  condcnsing- 
ttigines  are  not  used  in  some  cases  where  an  abundant  but  impure 
^Qpply  o(  water  is  at  band  ;  and  in  other  instances  a  Wge  weW  \v 
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dug  to  obtain   the  condensing -water,  even  when  the  station 
-close  to  the  shore. 

The  station  of  the  Internationale  Elcktricitats  Gesellschaft  c^i 
Vienna,,  situated  on  the  Danube,  talscs  water  for  condcnsatiaxn 
from  a  well  to  avoid  the  dirt  of  the  n'vcr-water. 

If  tlie  natural  supply  of  water  is  insuflficient,  cooling  towers 
enable  a  small  amount  to  be  used  over  and  over  again.  In  thes^ 
the  water  is  cooled  by  evaporation  and  exposure  to  current?  o< 
air  in  a  number  of  large,  shallow  pans  over  which  it  flows  succes — 
sively  or  in  checker-work  through  which  it  trickles,  the  object 
bcin^  to  obtain  large  cooling  surface. 

Principles  of  Compound  Engines.  —  In   the  compound  engine 
the  steam  partially  expands  in  one  cylinder,  and  then  passes  to 
another  cylinder,  in  which  it  completes  its  cx]>ansion.     At  first 
sight  it  is  difficult  to  sec  any  advantage  in  thus  subdividing  the 
expansion  and  work  of  the  steam,  since  the  efficiency  and  total 
capacity  of  a  steam-engine  to  do  work  depend   upon  the  initial 
and  final  temperatures  of  the  steam,  and  would  seem  to  be  entirely 
independent  of  whether  the  expansion  all  takes  place  in  one  cylin- 
der or  not.     As  a  matter  of  fact,  this  would  be  true  If  the  waits  of 
the  cylinder  did  not  take  up  and  give  out  heat  to  the  steam  at 
different  parts  of  the  stroke,  causing  serious  losses  and  modifica- 
tions in  the  action  of  the  steam  \i\  the  cylinder. 

For  example,  let  us  assume  that  the  steam  enters  the  cylinder 
at  a  pressure  of  100  lbs.  above  that  of  the  atmosphere,  which 
corresponds  to  a  temperature  of  170"  C,  and  that  it  leaves  the 
cylinder  at  the  atm{)spheric  pressure  which  corresponds  to  100"  C, 
Thus  the  change  in  the  temperature  of  the  steam  during  each 
stroke  is  70**,  and  if  the  internal  surface  of  the  cylinder  is  cooled 
down  to  110*  by  the  heat  taken  from  it  by  the  exhaust-steam, 
then  the  incoming  steam  at  the  next  stroke  will  find  the  cylinder 
to  be  00"  below  its  own  temperature,  and  it  will  therefore  give 
up  a  great  deal  of  its  heat  to  the  cylinder  by  radiation  as  well 
as  by  actual  contact.  Steam,  unfortunately,  has  considerable 
power  either  to  give  out  or  to  absorb  heat,  and  results  show  that 
the  losses  in  the  cylinder  from  this  cause  are  very  serious.  It 
might  be  thought  that  the  heat  returned  to  the  steam  by  the 
cylinder  during  the  latter  part  of  the  stroke  would  counter- 
balance the  loss  in  the  beginning;  but  most  of  the  heat  given 
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back  to  the  steam   passes  away  in  the  exhaust,  since  the  latter 
is  in  contact  with  the  cyHnder  during  the  entire  back  stroke. 

The  reason  for  the  loss  may  also  be  understood  if  we  consider 
that  the  effect  of  this  giving  and  taking  of  heat  is  to  reduce 
the  initial  temperature  and  increase  the  final  temperature  of  the 
slcaoi,  and  the  efficiency  is  directly  dependent  upon  the  diflfcr- 
cnce  between  these  two  temperatures.     (Page  91.) 

The  trouble  is  further  aggravated  by  the  fact  that  the  steam 
U  usually  "wet;"  i.e.,  is  slightly  condensed  when  it  enters  the 
cylinder,  and  becomes  still  more  so  by  the  act  of  expansion,  even 
though  it  did  not  give  up  any  of  its  heat  to  the  cylinder.  Hence 
the  aggregate  effect  due  to  all  these  causes  produces  a  very  con- 
siderable condensation  and  diminution  of  pressure,  and  is  one  of 
the  chief  sources  of  troubU;  and  loss  in  the  action  of  the  stcam- 
figinc.  The  most  evident  way  to  mitigate  this  difficulty  wnuld  be 
\^  super ftraf  the  steam;  thst  is,  raise  its  temperature  above*  the 
uturation  point  after  it  has  left  the  boiler,  so  that  it  is  capable  of 
'"in;-  heat  in  the  cylin<lcr  znd  still  remain  uncnndensed.  This- 
pai:  has  been  cimtinually  advocated  from  the  time  of  Watt  to  the 
present  day ;  but,  as  a  matter  of  fact,  it  is  rarely  adopted,  owing 
Id  the  complication  and  practical  difficulties  which  it  involves.  Its 
"Hiulages  are  so  great,  however,  that  it  would  seem  as  if  it 
'w^Jil  to  be  developed  and  acxcptud  generally.  The  methiid  of 
wperhcaling  steam  by  introducing  hot  air  ut  553"  F.  into  the  cyl- 
imler  and  jacket  has  been  tried  by  Professor  Andrew  Jamicson, 
,wbo obtained  good  results.* 

p  Another  way  to  diminish  the  cylinder  losses  is  to  adopt  high 
*pc«I,  and  thus  reduce  the  time  during  which  the  steam  can 
transfer  its  lieat  to  the  cylinder.  It  is  generally  stated  by  authori- 
ties ihat  cylinder  condensation  varies  approximately  as  the  square 
of  the  time  of  action. f  other  things  being  equal.  This  is 
•lie  of  the  advantages  of  the  many  types  of  high-speed  engines. 
"O'v  employed  in  electric  lighting.  But  the  most  successful 
•Mhod  of  reducing  cylinder  losses  is  that  of  multiple  cvpanslon 

obtained  in  compound  or  triple  expansion  engines.  To  appre- 
tiatc  the  advantage  of  this  method  let  us  take  the  same  case  as 
Wore  —  an  initial  pressure  of   100  lbs.,  and  a  final  pressure  of 

•  EUetHtal  Wtrld,  Jnly  20,  1805. 

f  Thonlon's  Manual  of  At  STtatn-Engitu^  Pari  11.,  pa^e  l(ia. 
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that  of  the  atmosphere,  but  assume  that  the  steam  expands  from 
100  lbs.  pressure  down  to  40  lbs.  in  one  cylinder,  and  then  passes 
to  another  cyiincler,  in  which  it  completes  its  expansion.  The 
initial  temperature  is  170®  C,  as  before,  but  it  only  falls  to  141.5** 
(which  corresponds  to  40  ibs.  pressure)  in  the  first  cylinder,  in 
which  the  total  range  is  therefore  only  28.5°,  and  the  incoming 
steam  is  only  18.5^  above  the  temperature  of  the  surface  of  the 
cylinder,  assuming,  as  before,  the  later  to  be  10"  above  the  steam 
which  leaves  it.  Similarly  in  the  second  cylinder  the  total  range 
is  41.5",  and  the  cylinder  would  be  31.5*  cooler  than  the  steam 
which  enters  it. 

Thus  it  appears  that  the  maximum  and  average  differences  in 
temperature  between  the  steam  and  the  cylinder  walls  in  the 
compound  engine  would  be  less  than  half  as  great  as  those  in  the 
single  cylinder.  A  triple-expansion  engine  in  which  the  steam  is 
successively  expanded  in  three  cylinders  would  have  about  one- 
third  the  range  of  temperature  in  each  cylinder  that  would  occur 
in  a  simple  engine  having  the  same  initial  and  final  pressures,  and 
the  losses  would  be  still  further  reduced.  To  offset  the  advantage 
obtained  by  dividing  the  expansion  between  two  or  more  cylin- 
ders, there  is  the  fact  that  the  total  internal  surface  of  the  two 
cylinders  of  a  compound  engine  would  be  greater  than  that  of  a 
single  c>'linder,  and  the  time  during  which  the  steam  can  transfer 
its  heat  to  the  cylinder  is  also  greater,  other  things  being  equal. 

But  the  results  of  general  experience  and  actual  tests  show 
a  decided  economy  secured  by  the  use  of  compound  engines  in 
place  of  simple  engines ;  and  triple  and  quadruple  expansion  en- 
gines show  a  still  further  .saving  in  fuel  consumption,  provided 
the  size  and  importance  of  the  plant  warrant  the  increased  cost, 
complication,  and  care  which  multiple  expansion  involves.  But  it 
should  be  remembered  that  a  great  deal  of  the  higher  eflRciency 
often  credited  to  compound  and  triple  expansion  engines  is  due 
to  the  imreascd  steam-pressure  which  is  applied  to  them.*  This 
in  itself  gives  higher  economy  even  in  a  simple  engine;  and  while 
it  is  decidedly  preferable  to  adopt  multiple  expansion  with  high 
steam-prcssurcs,  nevertheless  high  pressure  can  he  used,  and 
will  increase  the  efficiency  even  in  a  simple  engine.  For  exam- 
ple, a  locomotive  requires  less  coal  at  175  lbs.  pressure  than  it 

•  See  pi^e  77. 
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oes  at  150  lbs.  to  give  the  same  power,  even  though  it  is  a  sim- 
ile, and  not  a  compound,  engine. 

Besides  the  economy  of  the  compound  engine  in  reducing 
ylinder  condensation,  it  also  has  advantages  in  distributing  the 
trains  and  work  of  the  engine  between  two  cylinders  instead 
>f  one ;  and  if  the  cranks  operated  by  the  two  cylinders  are  set 
it  right  angles  to  one  another,  then  the  rotational  effect  is  more 
aniform,  and  the  engine  will  not  catch  on  the  dead  center  in 
starting. 

The  only  essential  advantage,  however,  of  compound  engines 
is  the  reduction  of  the  range  of  temperature  in  any  one  cylinder ; 
and  if  some  practical  means  were  devised  to  prevent  the  cylinder 
from  absorbing  heat  from  the  steam,  it  is  very  doubtful  if  com- 
pound engines  would  be  used  to  any  great  extent. 

For  example,  it  has  been  attempted  to  line  the  cylinder  with 
bismuth,  lead,  or  some  alloy  which  is  a  poor  conductor  of  heat 
and  also  has  a  low  specific  heat ;  but  these  materials  are  not  suffi- 
ciently strong  or  durable  for  the  purpose.  Dr.  Charles  E.  Emery 
lined  the  whole  interior  of  the  cylinder  with  glass  or  porcelain, 
but  without  permanent  success.*  The  use  of  plenty  of  oil  in  the 
cylinder,  or  coating  the  interior  with  varnish,  both  tend  to  reduce 
cylinder  condensation.f  This  matter  has  also  been  investigated 
1^  Mr.  CroU.  J  It  is  certainly  to  be  hoped  that  some  such  method 
to  reduce  cylinder  condensation  may  be  made  practicable. 

The  subject  of  condensing  and  multiple-expansion  engines, 
particularly  the  effect  upon  them  of  variable  loads,  is  discussed 
in  Chapter  XII. 

The  typical  forms  of  compound  and  triple  expansion  engines 
used  in  actual  practice  are  described  in  the  following  chapter. 

•   Tram.  Am,  Soc.  Alech.  Engi.,  1881. 

t  Thurston's  Manual  of  the  SUam-Engine,  Part  II.,  page  704, 

;  London  Electrical  Review,  Oct.  4,  189&,  p.  416.  - 


CHAPTER    XI. 


TTPICAL  FORMS    OF   STEAM-ENOINE  FOR  EI^CTRIC 
UOHTINO. 

Having  considered  the  general  principles  and  construction 
of  steam -engines,  let  us  now  examine  the  most  important  tyjw* 
used  in  electric  lighting.  These  may  be  grouped  in  four  general 
classes :  —  ^| 

1.  Large,  tow-speed  engines  of  the  Corliss  or  similar  typ^^ 
usually  running  at  50  to  125  revolutions  per  minute. 

2.  Small  and  medium-sized  high-speed  engines  running  at  500 
to  400  revolutions  per  minute. 

3.  A  sort  of  compromise  between  the  two  foregoing,  which  ' 
has  been  developed  for  direct  coupling  with  dynamos.  These 
are  usually  vertical  and  compound  or  triple  expansion,  being 
of  the  so-called  "marine  t)Tje."  If  these  are  large,  they  approxi' 
mate  class  1  ;  if  they  are  small,  the}'  resemble  class  '1.  Their 
speed  is  usually  between  125  and  200  revolutions  per  minute 

4.  Steam  turbines  usually  running  at  ver>'  high  speeds  of  ortc 
or  even  several  thousand  revolutions  per  minute. 

Besides  the  above  prominent  classes,  peculiar  forms  of  sleam- 
cngine,  such  as  oscillating  and  rotary  types,  have  been  tried  or 
pro|>oRed;  but  they  have  not  been  used  to  a  sufficient  extent  to 
warrant  much  attention  being  given  to  them.  ^j 

Corliss  Engines. — The  most  successfully  and  extensively  U!i^| 
stationary  engines  are  of  the  type  devised  by  George  W.  Cor- 
liss of  Providence,  RT.,  in  1849.     The  principal  features  of  th^^ 
engine  arc  the  subdividing  of  the  valve  functions  and  the  aut^| 
matic  cut-off,  by  which  the  admission  of  steam  to  the  cylinder  is- 
controlled  by  the  governor,  so  that  the  point  of  cut-off  varies  ia 
proportion  to  the  load.     Many  modified  forms  and  improvcraeut* 
in   detail   have  been   brought   out ;    but    the   Corliss   valve-gear 
remains  substantially  the  same  in   its  general  construction  ani 
action.     At  Brst  sight  it   might  appear  to  be  a  complicated  ancK- 
somewhat  clumsy  mechanism  ;  but  its  long -continued  and  almost^ 
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universal  success;  and  the  fact  that  there  is  a  tendency  to  revert 
to  it,  ratlicr  than  to  depart  from  it,  are  conclusive  proofs  of  its 
great  merit.  Its  great  advantages  arc  good  regulation,  correct 
steam  distribution  and  small  clearance  space. 

A  standard  form  of  Corliss  engine  is  shown  in  Fig.  40;  typical 
Corliss  valve-gear  in  Fig.  41;  a  form  of  releasing  mechanism 
in  Fig.  4la;    and  a  special  form  of  valve-gear  in  Fig.  42.       In 
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rlies  engines  each  cylinder  has  an  admission  valve,  V  (Fig. 
41),  and  an  exhaust-valve,  E,  at  each  end.  They  are  all  of  the 
rotary  type,  either  single-ported  (J")  or  double-ported  (AT),  the 
object  of  the  latter  being  to  obtain  a  double  opening  with  the 
same  angular  motion.  The  exhaust-valves  EE  arc  usu^lVV^ 
placed  below  to  allow  any  water  to  flow  out  rcadvVy.      K\\  lo\ix 
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valves  are  connected  to  the  wrist-plate   W  by  adjustable  rodji 
LLLL.     This  wrist-plate  is  pivoted  on  the  cylinder  DD^  and  fi^| 
caii&ed  to  oscillate  through  a  constant  angle  by  a  rod.  R.  con- 
nectinj:    with    an   eccentric    on    the    main    shaft.     The   exhausts: 
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valves  Eli  arc  opened  and  closed  positively,  while  tlie  admission 
valves  FFare  opened  by  a  grab-hook  which  releases  at  a  cer- 
tain point  in  the  stroke,  allowing  the  valve  to  close  by  gravity, 
accelerated  by  vacuum    pots  /-*,   springs  or  steam  pressure,  in 

order  to  secure  a  rapid  cut-off.  There 
are  innumerable  forms  of  releasing  gear, 
the  general  prmciple  being  about  the 
same.  A  simple  type  in  Fig.  41d.  used 
by  Fraser  and  Chalmers,  consists  of  a 
bell-crank  lever,  AA^  which  carries  a 
pivoted  hook.  H,  forced  inward  by  a 
spring,  as  shown.  This  lever,  being  con- 
nected to  the  wrist-plate  by  the  rod  L, 
rocks  back  and  forth.  The  hook  H  in  its 
lowest  position  engages  with  the  drop- 
lever  B,  and  as  the  bcU-crank  lever  A  A 
Wp.4T«.  cpr/iM  AciwuM^eMr  moves  upward,  as  indicated  by  the  arrow, 
the  lever  />  is  earned  around  to  ihe  position  shown,  and  being  con- 
nected to  the  valve,  causes  it  to  open.  At  that  point  the  trip-lever 
7"  comes  in  contact  with  the  projection  N  on  the  cam  C^  which 
/orces  it  and  the  hook  //,  to  wbich  it  is  attached,  outward,  thus  re 
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leasing  the  drop-lever  B^  which  rapidly  falls  to  its  original  position 
by  the  action  of  the  dash-pot.  The  cam  C  is  connected  to  the 
jvcrnor  so  that  the  position  of  the  projection  N  is  always  such 
ftat  the  cut-off  will  occur  at  the  proper  point  to  maintain  constant 
speed.  Safety  is  secured  hy  the  projection  AI  on  the  knock-off 
cam  C  which  in  the  lowest  position  of  the  governor  comes  in  con- 
tact with  the  trip-lever  T,  preventing  tlic  hook  //  from  engaging. 
Hence  the  valve  is  not  opened  at  all.  aiul  the  engine  stops  in 
case  the  governor  belt  fails.     As  already  stated,  there  are  very 
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many  other  forms  of  Corliss  valve-gear.  They  are  all  limited  in 
speed  to  about  luO  or  125  revolutions  per  minute,  although  somc- 
Umcs  run  up  to  150  revolutions  per  minute.  This  limitation  ap- 
plies to  almost  any  form  of  releasing  valve-gear,  because  the  cut- 
<rfr  is  not  rapid  enough  for  high  speeds.  For  that  reason  some 
type  of  cut-ofT  with  positive  action  or  the  simple  throttle  governor 
is  adopted  for  high-speed  engines,  being  described  later  in  the 
present  chapter. 

On  the  other  hand,  the  practicable  speed  of  Corliss  engines  may 
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be  increased  by  accelerating  the  cut-off.     The  ordinary  dash-pots 
{P  in  Fig.  41)  act  also  as  vacuum  pots,  that  is,  a  partial  vacuum  is- 
formed  when  the  valve  is  opened  and  the  rod  Xis  lifted.     When 
the  valve  is  released  and  closed  rapidly  by  the  atmospheric  pres- 
sure, the  small  amount  of  air  in  the  <lash-pot  is  compressed  and 
acts  as  a  cushion  to  arrest  the  rapid  motion.     In  some  cases  the 
motion  is  accelerated  by  springs  or  by  steam  pressure.      In  the- 
Harrisburg   type    of  Corliss   engine    a   small   auxiliary  cylinder 
receiving  steam  from  the  main  cylinder  steam-chest  acts  to  pro- 
duce a  rapid  closing  of  the  valve.     A  compound  engine  of  this- 
kind  having  cylinders  of  17  and  32  inches  diameter  with  2r»-inch. 
stroke  develops  450  indicated  H.P.  at  125  lbs.  pressure  and  ICO 
revolutions  per  minute,  which  is  nearly  twice  the  speed  of  ordi- 
nary Corliss  engines  of  corresponding  power.      The  governor  is 
of  the  inertia  type  similar  to  those  used  on  high-speed  engines 
(Fig,  43),  the  necessary  speed  being  obtained  by  belting  from  the 
main  shaft.      The  larger  Hall  and  Wood   engines  are  provided 
with  Corliss  valves,  but  the  cut-off  is  made  to  occur  positively  by 
the  direct  action  of  an  inertia  governor.      The  latter  is  mounted 
on  the  main  shaft,  since  the  speed  is  relatively  higher,  being  1 30  to 
150  revolutions  per  minute  for  the  1200  H.P  size  and  ISO  to  tiOO 
for  the  300  H.P.  cross-compound  vertical  engine.    These  engines 
and  the  Harrisburg  Corliss  tjpe  mentioned  above  arc  particularly 
designed  for  driving  generators  directly,  being  classed  with  the 
medium-speed  engines  described  later  in  the  present  chapter. 

Another  limitation  of  the  Corliss  valve-gear  is  the  fact  that 
the  cut-off  is  restricted  with  a  single  eccentric  and  wrist-plate,  as 
in  Fig.  41.  If  the  admission  and  exhaust  valves  arc  actuated  by 
one  wrist-plate,  a  very  late  cut-ofTis  likely  to  delay  the  closing  of 
the  exhaust,  so  that  both  valves  are  open  simultaneously  at  the 
same  end  of  the  cylinder  at  a  certain  part  of  the  stroke.  Special 
forms  of  gear  have  been  devised  to  overcome  this  difficulty  and 
give  a  range  of  cut-off  to  eight-tenths  stroke  with  a  single  eccen- 
tric. Ordinarily  this  result  is  secured  by  providing  two  wrist- 
plates,  each  operated  by  its  own  eccentric,  as  in  Fig.  42.  Thus 
the  action  of  the  admission  and  exhaust  valves  is  independent  and 
the  range  of  cut-off  made  as  great  as  desired.  When  arranged  in 
this  way  they  are  often  called  "heavy-duty  engines,"  because  they 
have  considerable  overload  capacity.     For  steady  work  it  is  not 
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iBuall)' economical  to  have  the  cut-off  later  than  one-fifth  or  one- 
quarter  stroke.  In  many  cases,  however,  the  service  is  such  that 
overloads  occur  only  for  short  periods  of  time,  so  that  it  is  more 
convenient  and  probably  more  economical  to  allow  temporary 
overloading  with  late  cut-off  rather  than  install  and  operate  extra 
engines.  Tlie  same  is  true  of  electric  generators  which  are 
guaranteed  to  carry  25  per  cent  overload  for  two  hours. 

The  forms  of  Corliss  enjjine  commonly  built  are  the  simple, 
tandem-compound  and  cross-compound,  both  horizontal  and 
vertical,  the  first  of  these  being  represented  in  Figs.  41  and  42  and 
tic  vertical  cross-compound  In  Fig.  40.  This  last  type  is  very 
popular  in  the  larger  electric-light  and  power  stations,  being 
economical  in  floor  space ;  in  fact  it  may  be  taken  as  standard 
pnctice  for  reciprocating  steam-engines.  There  arc  two  other 
modifications  of  this  general  form,  one  having  the  fly-wheel  and 
generator  mounted  at  one  end  outside  of  the  housings  and  the 
o*bcr  has  two  generators  outside,  one  at  each  end,  the  latter 
wing  used  to  supply  a  three-wire  system  directly. 

Bigfa-Bpeed  Engines —  The  automatic  (ul-off  higk-spted  type  of 
engine  is  especially  interesting  and  important  in  connection  with 
electric  lighting;  in  fact  the  development  and  extensive  use  of 
*!»««  engines  are  largely  due  to  their  application  to  this  purpose. 
The  distinguishing  feature  of  this  type  consists  in  placing  the 
governor  upon  the  main  shaft  or  fly-wheel  and  connecting  it 
'directly  with  the  eccentric,  so  as  to  control  its  action  and  vary 
w  point  of  cut-off.  This  location  of  the  governor  is  made  pos- 
sible by  tlie  fact  that  these  engines  are  of  suflficicntly  high  speed 
*(* give  the  reiiuirc<l  centrifugal  forre  and  insure  its  proper  action; 
*liercas  the  governor  of  a  low-speed  engine  is  mounted  on  an 
independent  spindle  at  some  distance  from  the  main  shaft,  and 
connected  to  it  by  belting  or  gearing,  to  obtain  the  necessary 

I*P«(Iof  rofcition. 
In  Corliss  and  other  detachable  or  "drop"  cut-olT  engines, 
*l»in  cam-motion  valve-gear,  the  speed  is  limited  by  tlie  fact 
"Wt  the  cut-off  is  not  rapid  enough  with  respect  to  it,  hence 
■wtic  positive  cut-ofT  is  required  in  high-speed  engines.  This 
"^'willy  consists  in  dirccth-  connecting  tlie  cut-off  device  with  the 
fcccniric,  50  that  the  former  is  forced  to  operate.  The  direct 
tonnccjion  between  the  governor  and  valve-gear  is  a  gicat  -ai- 
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vantage  of  the  high-speed  type  in  many  ways,  and  secures  com 
pactness  as  welt  -is  quickness  and  effectiveness  of  regulation. 
High-speed  engines  are  not  usually  of  such  high  economy  aa 
the  Corliss,  for  example  ;  and  the  wear  and  tear,  attendance  and 
lubrication  arc  greater.  They  are,  however,  and  probably  will 
continue  to  be.  commonly  employed  for  smaller  installations, 
whether  isolated  plants  or  central  stations.  Compactness,  clo 
regulation,  convenience  of  driving  by  direct  connection  or  by 
belting,  and  avoidance  of  flickering  in  the  lamps,  with  moderate 
diameter  and  weight  of  fly-wheel,  are  all  distinct  and  important 
advantages  that  these  engines  possess,  and  which  make  them  in 
many  cases  the  most  desirable  form  to  select.  There  are  so  many 
excellent  forms  of  high-speed  engines  tn  the  market  that  it  is  imij 
possible  to  describe  all  of  them  ;  but  certain  common  and  stand- 
ard types  are  here  given  as  examples. 

The  Armington  &  Sims  Engine  has  been  employed  for  driving 
dynamos   in   central   stations  and  isolated  plants  from  the  firstfl 
installations  up  to  the  present  time.      For  many  years  it  was  the 
standard  engine  adopted  in  nearly  all  the  Rdison  as  well  as  other 
stations  and  plants.    Since  that  time  many  other  high-speed  types 
have  been  introduced  for  the  smaller  planU;  and  for  central  sta- 
tions as  well  as  many  isolated  plants,  Corliss  or  other  low-speed 
engines,    steam-turbines    or    gas-engines  are  used.      A  common 
form  of  this   and  other  makes  of  high-speed  engine  is  shown  In  ■ 
Fig.  43.      It  is  provided  with  two  pulleys,  one  on  each  side,  and 
is  therefore  constructed  with  a  "  center  crank  "  working  between  ^ 
"double  disks."     This  arrangement  has   been  used  when  twol 
dynamos  were  driven  from  one  engine  by  belting  for  supplying  a 
tlirce-wire  system  or  series  direct-current  arc  lamps  as  illustrated 
on  page  50.    It  is  often  employed  for  direct  connection  with  dyna- 
mos, the  armature  being  mounted  in  place  of  one  of  tliu  pulleys.  ■ 
A  disadvantage  of  this  design  is  the  fact  that  the  crank  and  con- 
necting-rod end  are  inaccessible  in  the  narrow  space  between  the 
two  disks,  and  therefore  somewhat  difficult  to  adjust  or  repair. 
For  cases  where  only  a  single  pulley  is  required,  the  single-disk 
type  of  engine  is  made  by  this  as  well  as  by  other  manufacturers. 
The  same  form  is  also  employed  for  direct  connection,  the  shaft 
being  extended  so  that  the  armature  may  be  mounted  alongside 
of  the  fly-wheel,  as  represented  in  Fig.  74. 


4 


d 


164 


ELEcmrc  Lrcnrmc. 


The  forms  of  valve  and  governor  used  in  the  Armington  & 
Sims  engine  arc  its  chief  characteristics.  A  section  of  the  cylin- 
der and  valve  is  shown  in  Fig.  44.  The  valve  is  of  tlic  piston 
type,  and  is  made  hollow,  so  that  the  steam  enters  the  cylinder 
by  two  paths  from  the  steam-chest,  which  facilitates  the  taking 
of  steam  promptly  at  the  beginning  of  the  stroke.  For  the  same 
reason  the  cnt-ofT  is  more  sudden  and  definite.  The  illustration 
shows  that  the  steam  pressure,  being  exerted  equally  in  all  direc- 
tions, is  balanced,  an  advantage  of  piston  or  cylindrical  slide* 
valves  already  stated  on  page  129.  The  piston  is  provided  with 
self-adjusting  packing-rings  in  order  to  maintain  a  steam-tight 
contact  with  the  valvc-seat,  which  consists  of  a  hard  cast-iron 
bushing.  ^1 

This  and  practically  all  other  high-speed  engines  are  providcJ^ 
with  the   shaft;  governor  (page  134).  usually  mounted  upon  the 
spokes  of  the  fly-wheel.     These  governors  consist  essentially  of 
one  or  two  pivoted  weights  which  act  by  centrifugal  force,  bal- 
anced  by  springs,  to  shift  the  eccentric  so  as  to  vary  the  tut-off. 
In  the  latest  forms  the  inertia  of  the  weights  is  also  utilized  to 
secure    more    nearly  perfect   regulation.       Formerly  centrifuga|fl 
force  alone  was  relied  upon,  and  inertia  liad  a  good  or  a  bad  effect, 
according  to  the  way  the  jjarts  happened  to  be  arranged.     The 
Rites  type  of  "  inertia  governor"  is  employed  on  the  latest  Arm- 
ington &  Sims  engines.     It  consists  of  an  arm  with  weights  b^I 
each  end.  pivoted  near  its  center  upon  a  stud  fixed  to  a  spnkc  of^ 
tlie  fly-wheel  or  to  a  special  governor-wheel   mounted  upon  the 
the  shaft  as  illustrated  in  Fig.  43.    A  spiral  spring  is  attached  at 
one  end  to  a  spoke  of  the  wheel  and  at  the  other  to  the  weighted 
arm.     Similar  ty|>es  arc  shown  in  more  detail  in  Figs.  50  and  51. 
The  valve-rod  is  connected  to  an  eccentric  wrist-pin  carried  by 
the  weighted   arm.     Considering  the  effect  of  centrifugal  force 
alone,  it  is  evident  that  the  higher  the  speed  the  greater  will  be 
the  tcntlency  for  the  weighted  arm   to  turn  clockwise  and  stretchy 
the   spiral  spring.     The  weights  at  the  ends  of  the  arm  are  hol^l 
low,  so  tliat  a  greater  or  less  quantity  of  lead  may  be  introduced 
and  tile  spring  tension  is  also  adjustable,  hence  it  is  possible  to 

balance  the  two  forces  for  normal  siieed.      Furthermore  they  arc 

balanced  for  all  positions  of  the  arm,  as  explained  on  page  137, 
Any  increase  in  speed  tends  to  cause  the  upper  weight  to  swii 
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to  the  right  and  come  in  contact  with  the  stop  shown,  and  any 
decrease  in  speed  will  cause  the  tower  weight  to  move  towards 
its  stop.  In  the  former  case  the  eccentric  pin  is  shifted  nearer 
Bfhe  center  of  the  main  shaft  so  that  the  throw  of  the  valve  is 
reduced  and  the  cut-ofif  occurs  earlier  in  the  stroke,  thus  tending- 
to  bring  the  speed  down  to  normal.  If  now  the  effect  of  inertia 
is  also  considered,  it  is  evident  that  a  sudden  acceleration  of  speed 

(*ill  tend  to  cause  the  weighted  arm  to  lag  behind  the  fly-wheel. 
Since  the  direction  of  rotation  is  counter-clockwise,  the  lag- 
ging of  the  arm  is  in  a  clockwi.se  direction.  Hence  inertia  pro- 
duces the  same  effect  as  centrifugal  force  with  acceleration  of 
speed.  There  is  this  diflcrence.  however,  that  inertia  acts  more 
promptly,  with  sudden  changes,  whereas  centrifugal  force  does 
not  act  until  after  the  change  ha.s  occurred.  It  should  be  noted, 
on  the  other  hand,  that  gradual  variations  In  speed  would  have 
^pfactlcally  no  eflect  upon  the  governor  due  to  inertia,  while  cen- 
"trifugal  force  would  have  its  full  influence.  A  governor  acting 
^y  inertia  alone  would  therefore  allow  the  speed  to  rise  or  fall 
gradually  to  any  extent.      In  order  to  prevent  the  action  of  the 

■  gaveraor  from  being  too  sudden  a  dash-put  is  connected  to  the 
**^gbted  arm,  as  shown  in  Kig.  43.  These  engines  are  built  in 
iHe  simple  form  (Fig.  43)  in  18  sizes,  from  about  30  to  GOO  H.I'., 

■  the  speeds  being  respectively  275  to  350  and  1T5  to  225  r.p.m. ; 
*^'j  16  sizes  of  landem-compound  engines  from  about  100  to  oOO 
H.P.,  witii  speeds  of  225-300  and  175-325  r.p.m.;  also  18  sizes 

|'>f^cross-compound  horizontal  or  vertical  engines  from  about  100 
to  Too  H.?.,  with  speeds  of  225-300  and  175-225  r.pm. 
Th«  Ball  Engine,  another  well-known  high-speed  type,  manu- 
^red  at  Erie,  Pa.,  is  called  the  Erie  Ball  Engine,  to  distin- 
F'iih  it  from  two  others  of  similar  name  described  later.     The 
'      characteristic  feature  of   all    three  forms    is   the  valve,   constst- 
H^  of  two  parts  connected  by  a  telescopic  joint;  this  works  as  a 
H  double-faced  slide-valve  between  two  surfaces  in  whicli  tlic  ports 
^  iTc formed,  as  represented  in  Fig.  45.     The  steam  which  is  ad. 
fitted  to  the  inside  of  the  valve  through  the  top  presses  the  two 
^Vi  apart  with   respect  to  each  other   and  against  the  ports 
above  and  below.     The  object  of  this  arrangement  is  to  insure  a 
steam-tight   contact   and    at    the  same  time  to  allow  for  svcm. 
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The  new  governor  applied  tu  tiiis  engine  is  of  the  inertia  ty-pe, 
somewhat  similar  to  that  illustrated  in  Fig.  43.  The  chief  dif- 
ferences are  the  fact  that  a  flat-leaf  spring  is  used  instead  of  a  coil 
spring,  the  weight  being  mounted  directly  upon  the  end  of  the 
spring,  and  the  valve-rod  is  actuated  by  an  eccentric  in  place 
a  wrist-pin. 

These  engines  arc  made  in  the  simple  form  in  22  sizes,  from 
about  30  to  300  H.?.,  with  normal  speeds  of  32fi  and  300  r.p.m. 
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respectively;    also  22    sizes    of  condensing  and  non-condensinf' 
t.indcm-compound  engines  from  about  70  to  350  H.P.,  with  nor- 
mal speeds  from  280  to  200  r.p.m.;  also  26  sizes  of  cross-com- 
pound condensing  and  non-condensing  engines,  from  about  13<^H 
to  400  H.P.,  with  normal  speeds  from  280  to  200  r.p.m.  ■ 

The  American  Ball  Engine  of  the  high-speed  type  employs  a 
valve  closely  similar  to  that  illustrated  in  Fig.  46.  The  governor 
is  of  the  inertia  type  similar  to  that  represented  in  Figs.  43  and 
51.  It  is  so  designed  that  the  throw  of  the  valve  and  angular 
advance  of  the  eccentric-pin  with  respect  to  the  main  crank  ar^| 
varied  so  as  to  keep  the  lead  and  compression  nearly  constant 
for  all  loads.  These  engines  are  made  simple,  cross -com  pound, 
and  tandem -com  pound  of  the  horizontal  form  of  the  usual  sizes. 
Another  arrangement  of  this  engine  that  is  peculiar  is  the 
duplex-compound  type  represented  in  Fig.  4ft.  The  high-pressure 
cylinder  is  placed  directly  under  the  low-prcusurc  cylinder  instead 
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■•■'^is  cJcsi(jn  is  built  in  nine  sizes  from  60  to  600  H.P.,  the  speeds 
ing  rcspcctivx-Iy  32.'>  and  ISO  r.p.m. 

The  Ball  &  Wood  High-speed  Engines  arc  provided  with  valves 

rnilar  to  those  already  dirscribcd  (Fig.  45),  except  tliat  for  the 

vr.prcssure  cylinder  of  the  horizontal  compound  form  a  rotary 
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fig,  47.    Ball  4  Wowt  8lnyi4-¥*ioe,  Taftdmm-Cvm pound  Saglm. 

^alve  is  employed.     The  valve-chest  in  tliis  case  is  cylindrical 

Wing  placed  transversely  to  the  axis  of  the  cylinder  and  direct!/ 

^ow  it.     The  governor  is  of  the  inertia-centrifugal  type  similar 

to  those  illustrated  in  Figs.  43  and  51.     Its  general  construction 

Way  be  seen  in  Fig.  47.     The  upper  weight  is  thrown  DutviMOiL 

by  centrifugal  force  as  well  as  by  inertia  with  acce\et!Lt\ou  ol 
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^^^^    speed,  these  forces  being  balanced  by  the  curved  leaf  sprinjj  act^ 
^H          ing  through  a  pin  as  shown.     The  lower  mass  is  influenced  only 
^H          by  inertia  and  supplements  the  effect  of  the  other  weight.     The 
^H          two  are  connected  to  the  eccentric  so  as  to  shift  it  and  vary  tlie 
^B         cut-off.     The  simple,  horizontal  form  for  belt  or  direct  connection 
^B           is  made  in  twenty  sizes  from  10  to  375  H.P.,  running  at  390  to 
^H          325  and  ISO  to  200  r.p.m.,  the  piston  speeds  being  4G7  and  600 
^H          ieet  per  minute  respectively.     The  sixes  of  the  tandem-compound 
^H          type  represented  in  Fig.  47  ior  direct  connection  arc  given  in  th^_ 
^B          following  table:                                                                                   H 

^H                BALL  &  WOOD  TANDEM  COMrOUND  FJQT.INES   (SINGLE  VALVES),  fl 

^H                                                                      MORtmNTAI,   niRECT.4X)NNKCl'Ktl  TVPK.                                                  ^| 
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^^^^ 

^^^H 

^^^H 

^^^^H 

^^^^H 

^^^^H 

^^^H 

^^^H 

^^^H 

^^^^1 

^^^^^H 

TYPiCAL  FORMS  OF  STEAM'BN<iINF. 


1G& 


a 


tt  810  and  180  to  200  r.p.m.  respectively.  Horizontal 
-  and  vertical  cross-compound  engines  of  greater  power 
are  equipped  with  Corliss  valves  and  belong  to  the  medium-speed 
class  described  later,  as  already  slated  on  page  160. 

The  Mcintosh  and  Seymour  High-speed  Engine  employs  one 
form  of  governor  for  single-valvc  and  another  for  double-valve 
construction.  Hoth  are  of  the  shaft  type  and  similar,  but  differ 
from  that  shown  in  Fig.  4^1  and  others  already  described  in  the 
fact  that  the  weights  are  not  arranged  to  act  by  their  inertia,  ccn- 
trilugal  force  alone  being  relied  upon. 

The  valve  is  of  the  piston  form,  .somewhat  similar  to  that 
represented  in  Fig.  44,  but  it  works  in  a  valve-seat  which  is  split, 
andean  be  contracted  by  the  adjusting-screw  shown  in  Fig.  48. 
This  f  pi  it  ring,  which  forms  the  valve-scat,  is  made  tapering  to- 
wards the  ends,  so  that  it  tends  to  preserve  a  perfect  circle  even 
'ihen  contracted.  This  enables  the  iit  of  the  valve  to  be  perfectly 
^justed  at  any  time  in  order  to  take  up  the  wear  and  avoid 
leakage. 

The  ordinary  horizontal  single-cylinder  form  of  this  engine  is 
'"adein  twenty  sizes,  from  22  to  500  1 1. P., 
*ith  speeds  from  320  to  175  r.p.m.  rcspcc- 
*'c|y.  Numerous  sizes  of  tandcm-com- 
^Und  high-speed  engines  arc  also  built, 
nging  from  G5to  500  H.P.  and  from  275 
i75  r.p.m. 

Larger  engines  of  from  300  to  3000  H.P., 
vcrtcal   and   horizontal,  are  made,  but 
*csc  belong  to  the  medium-speed  class  and 
5*U  be  described  later. 

Tlie  "Ideal"  Engine, manufactured  at  Springfield,  III. .belongs 
the  class  in  which  the  working  parts  are  completely  inclosed 
'^  a  cast-iron  case.  Us  construction  is  very  similar  to  that  of  the 
'*  Harrisburg  Ideal  "  engine  represented  in  Fig.  49.  This  arrange- 
«nt  makes  the  engine  self-lubricating,  because  the  supply  of  oil 
hich  is  kept  in  the  bottom  of  the  case  is  thrown  about  by  the 
otinn  of  the  crank-pin.  thereby  drenching  the  working-parts 
*itli  lubricant  as  represented.  Special  channels  are  also  provided 
^  catch  the  oil  and  convey  it  to  points  which  it  would  not  reach 
•Erectly.     For  example,  there  is  one  at  the  extreme  end  o^  \\it 
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casing ;  this  supplies  the  main  bearings  with  a  constant  flov 
oil.     The  governor  is  of  the  Rites  inertia-centrifugal  t>'pe  sin: 
to  that   shown   in  I-"ig.  43.  but  an  eccentric  is  used  instead 
wrist-pin.     Either  of  two  styles  of  valve  may  be  used,  both  b< 


rof  the  piston  form.  One  is  simply  a  hollow  casting  working  i 
valve-seat  consisting  of  cast-iron  bushings.  If  the  wear  becoi 
sufficient  to  allow  leakage  a  new  valve  slightly  larger  than 
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original  is  furnished  by  the  manufacturer,  also  a  boring-bar 
reamer.     With  the  two  latter  the  bushings  are  bored  out  tc 
the  new  valve.     The  other  kind  of  valve  is  adjustable,  being  j 


k 


and  180  to  200  r.p.m. 
design  are  also  made. 

The  Barrisburg  Ideal  and  Standard  Engines  are  similar  to  the 
foregoing-,  as  already  stated,  bi:Jng  shown  in  Figs.  49  and  74. 
The  most  prominent  diflfcrencc  is  in  the  governor,  represented  in 
Fig.  60.  It  is  of  the  inertia-centrifugal  type,  but  comprises  two 
weighted  arms  instead  of  the  single  bar  of  the  Rites  construction. 
The  weights  are  thrown  outward  by  centrifugal  force  with  increase 
of  speed,  and  being  connected  to  the  eccentric,  as  illustrated,  the 
latter  is  shifted  so  as  to  cut  oflTthc  steam  earlier  in  the  stroke. 
When  a  load  of  125  per  cent  of  the  rated  power  is  suddenly  ap- 
plied to  one  of  these  engines,  it  is  guaranteed  not  to  vary  in  speed 
more  than  1 J  per  cent,  and  if  this  load  is  instantly  thrown  offthc 
variation  is  not  greater  than  1  per  cent.  The  following  tabic 
gives  data  concerning  the  "Standard"  type;  the  "Ideal"  is 
made  in  similar  sizes,  but  only  up  to  38U  M.P. 
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Indicated  H.P,  is  based  upon  80  lbs.  steam  pressure,  atmos- 
phcfic  exhaust,  and  J  cut-olT.     Power  at  90  lbs.  pressure  is  one-      H 
*<>bth,  and  at  100  lbs.  is  one-fourth  greater.     The  actual  H.P.      ~ 
be  taken  as  lo<  less  than  the  indicated.      There   arc    80 
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sizes  of  this  type;  the  above  table  gives  only  the  smallest,  largcst,| 
and  10  sizes  between. 

In  addition  to  this  scries  of  single-valve,  simple  engines,  the 
Harrisburg    Foundry    and    Machine    Works   build    47    sizes    o[  ^ 
"standard  "  single-valve,  tandem -com  pound  engines,  from  21  tof 
1,110   H.P.,    with    speeds    of  450  to  120  r.p.m.;  also    similar 
"  Ideal  "  engines  up  to  440  H.P.     The  four-valve,  simple  and 
compound  types  will  be  considered  on  page  177  under  the  head 
of  *'  Medium  Speed,"  and  the  Corliss  simple  and  compound  en-A 
glncs  with  steam -ace  derated  valves  have  already  been  described 
(p.  100). 

The  Westinghouse  Engine  is  another  type  in  which  the  work- 
ing-parts are  completely  inclosed.  The  engines  arc  made  in 
three  styles, — the  "standard,"  which  is  the  original  form,  the 
"junior,"  and  the  "compound  "  (Fig.  52).  They  arc  all  simi- 
lar in  general  construction,  and  consist  of  a  pair  of  vertical  cylin- 
ders bolted  to  the  top  flange  of  the  crank-case,  which  latter  serves 

the  double  purpose  of  a  pedestal 
for  the  engine,  and  a  receptacle 
for  the  oil,  into  which  the  cranks 
dip  at  each  stroke.  The  pistons 
are  of  the  trunk  form,  being  open 
at  tlie  bottom,  and  arc  made 
sufficiently  long  (about  1^  diani-M 
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etcrs)  to  scr^'c  as  cross-heads, 
the  connecting-rods  being  di- 
rectly attached  to  them.  In  the 
"standard"  the  valve-chest  is 
in  the  form  of  a  third  cylinder. 
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which  is  in  a  slightly  oblique    position,  and  is    often    mistakca 
for  a  working  cylinder.      In  the  "junior"   and   compound  en-S 
gines  the  valve-chest  is  at  right  angles  to  the  cylinders  across  the™ 
top.      A  single  piston-valve  is  used  in  all  of  these  engines,  the 
valve-scat  being  a    removable   bushing  m  which  the  ports  are 
milled.  ^ 

In  the  "standard  "  engine  the  governor,  which  acts  by  ccn-" 
trifugal   force   only,   is  mounted  on   the   shaft  between  tlic  two 
crftnks;  in  the  "junior  "  engine  it  is  located  on  the  outside  of  one 
of  the  two  fly-wheels,  the  valve  being  actuated  bv  an  eccentric 
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pin;  and  in  the  compound  engine  it  is  carried  on  the  inside  of  one 
of  the  fly-wheels,  the  valve  being  operated  by  a  disc  eccentric, 
Thchvo  latter  governors  are  of  the  inertia-centrifugal  type,  simi- 
lar to  that  represented  in  Fig.  -i  J .  The  form  used  on  the  compound 
engines  is  shown  in  Fig.  51.  It  consists  of  a  single  weighted  bar 
{AB)  pivoted  on  a  pin  {P)  fixed  to  the  hub  of  the  wheel.  A  spring 
{^\%  attached  to  the  wheel  with  an  adjusting  nut  at  D  and  to  the 
wrigjjtcil  bar  at  C.  The  centre  of  gravity  of  the  bar  being  at  ff, 
increase  in  speed  tends  to  make  this  point  move  away  from  the 
pmtrc  of  the  main  shaft  (J/),  and  causes  the  bar  to  swing  on  its 


Ftg.  62.    W«3tl»gln>i/at  Coifpouiuf  Cttglnt. 

m  a  direction  opposite  to  that  of  the  arrow  indicating  the 
f^'^tJon  of  the  wheel.  The  eccentric  £  carried  by  this  bar  is 
thus  brought  more  nearly  concentric  with  the  shaft,  and  Its  angu- 
lar advance  is  also  increased  so  that  the  travel  of  the  valve  is  less 
''id  the  cut-ofT  occurs  earlier,  the  position  shown  being  for  latest 
^l*off.  A  sudden  increase  in  speed  wUi  cause  the  bar  AS,  on 
*fcount  of  its  inertia,  to  lag  behind  the  wheel,  thereby  producing 
'^c  same  effect  momentarily  as  that  resulting  from  centrifugal 
Iflrce— in  fact  the  former  may  be  said  to  anticipate  the  latter. 
^motion  of  the  bar  is  limited  by  a  stop  at  /-'and  by  the  ec- 
c«itric  coming  in  contact  with  the  shaft  at  £.     Other  facts  co-r- 
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cerning  this  general  type  of  governor  have  already  been  given  in 
conncctton  with  Kig.  43.  ■ 

The  "  standard  "  engine  is  made  in  f3  sizes,  ranging  froni  o 
to  a.'iO  H.P.,  the  speeds  being  respectively  500  and  250  revolu- 
tions per  minute.  The  "junior  "  engine  is  built  in  7  sizes,  from 
5  to  75  H.P.,  and  speeds  of  400  to  330  revolutions  per  minute. 

The  compound  (single-acting)  engine  is  made  in  9  sizes,  from 
35  to  230  H.R,  and  speeds  of  375  to  2oO  r.p.m.  (I'ig.  52). 

WiUans  Engine. — A  high-speed  type  widely  used  in  England, 
where  it  originated,  and  built  also  by  the  Bradley  Manufacturing 
Company  of  Pittsburg,  is  the  WiUans  central-valve  engine.  It  pos- 
sesses several  unusual  features,  being  in  the  first  place  single  act- 
ing; that  is  to  say,  tlie  steam  pressure  is  exerted  only  on  one  side 
of  the  piston.  The  governor  is  of  the  simple  throttle-valve 
fotm,  tlie  cut-off  being  .set  at  a  ccrtiiin  point  and  not  controlled 
by  the  governor,  whereas  practically  all  American  engines, 
whether  high  or  low  speed,  are  provided  with  an  automatic  cut- 
off. Another  peculiarity  is  the  location  of  the  valve  inside  of  the 
piston-rod,  which  is  made  hollow  (or  the  purpose.  In  spite  of 
these  apparent  anomalies,  the  engine  has  been  successful,  and 
seems  to  possess  advantages,  the  most  prominent  of  which  arc 
— great  compactness  and  economy  in  floor-space;  avoidance  of 
lost  motion  and  knocking,  owing  to  the  fact  that  tlie  steam  pres- 
sure is  always  exerted  in  one  direction;  automatic  and  perfect 
lubrication  of  bearings  and  other  working-parts,  obtained  by  in- 
closing them  in  a  chamber  partly  filled  with  oil;  and,  finally, 
high  speed,  being  from  350  to  500  revolutions  per  minute.  The 
economy  of  this  type  is  very  good,  especially  when  its  moderate 
size  and  very  high  speed  arc  considered.  It  is  made  simple, 
compound,  and  triple-expansion;  but  usually  only  the  two  lat- 
ter, with  two  sets  of  cylinders,  are  used  in  electric  lighting. 

The  construction  is  shown  in  Fig.  53.  which  represents  a 
of  compound  engines  acting  upon  the  same  shaft.  Each  of  the 
two  sets  of  pistons  is  connected  to  its  corresponding  crank  by  a 
pair  of  connecting-rods,  with  a  space  between,  containing  an 
eccentric,  forged  directly  upon  the  crank-pin. 

Piston-valves  are  used,  moving  inside  of  a  hollow  piston-rod, 
Virhich  passes  completely  through  the  line  of  pistons,  and  through 


fs  with  tilt  pistons.     Consequently  the  valve-motion  required 
relative  to  the  pistons ;  and  is  obtained  by  mounting  the  ec- 
:entric  on  the  crank-pin.  whicli.  like  the  piston-rod.  moves  with 
•pistons.     Though  its  lead  Is  different  from  t\\aX  oi  ^\v  OT&x\M>i 
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eccentric,  its  cflcct  upon  the  movement  of  tlie  valves  is  practi- 
cally tlie  same.     The  action  of  the  steam  is  shown  in  Fig.  54.    It^ 
passes  from  the  steam-chest  into  the  hollow  piston-rod,  then  out 
through  ports  in  the  latter  into  the  high-pressure  cylinder;  on  the 
return  stroke  flowing  into  the  low-pressure  cylinder. 

The  Case  Engine  is  an  example  of  a  very  high-speed  engine 
adapted  to  being  directly  connected  to  dynamos  for  small  electric 
plants.     Fig.  54  shows  a  skeleton  view  of  the  internal  arrange- 
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ment  and  working-part^  of  this  engine,  which  are  inclosed  in 
cast-iron  box.  The  cylinder  is  of  the  oscillating  type,  bcin^^ 
capable  of  rocking  in  its  casing,  wliich  permits  the  piston-rod  tc^^ 
be  directly  connected  to  the  crank-pin,  and  saves  weight  in  th^^ 
moving-ports  by  eliminating  the  connection -rod  and  cross-heail  ' 
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The  cul-ofT  valve  is  of  the  plug  type,  balanced  and  made  with  a 
siight  taper,  so  that  it  can  be  kept  tight.      Its  only  duty  is  to 
define  the  point  of  cut-off  ;  the  admission,  release,  and  exhaust 
closure  being  controlled   by  the  rocking  of  the  main  cylinder, 
which  thiis  performs  the  valve-action.     The  governor  is  of  the 
usual  shaft  type,  except  that  it  does  not  vary  the  throw  of  the 
valve  but  rotates  the  eccentric  on  the  shaft,  thereby  changing  the 
lead.     General  experience  with  these  engines  proves  that  they 
regulate  well,  and  any  slight  change  in  speed  can  be  offset  by- 
compound  winding  on  the  dynamo. 

They  are  made  in  six  sizes  from  2.5  to  25  H.P.  inclusive,  with 
:eds  from  900  to  550  r.p.m..  being  built  in  the  pedestal  form 
(I^ig.  54);  also  in  the  bracket  and  hanger  types,   the  two  latter 
*re  mounted  on  the  wall  or  ceiling  where  this  may  be  desirable. 
^or  direct  connection  the  pedestal  form  is  bolted  on  a  cast-iron 
^se,  to  which  the  dynamo  is  also  bolted,  the  two  being  con- 
nected  by  a  nange  coupling  substituted  for  the   wheel  on  the 
:ht  in  Fig.  54.     In  addition  to  the  examples  described  other 
'milar  designs  of  high-speed  engines  are  employed  for  driving 
*^lectric  generators,  such  as   the  Buckeye.  I'aync.  Ames,  Watcr- 
***wm.  Skinner.  McEwen,  Chandler  &  Taylor,  Atlas,  Fitchburg, 
^wfTalo  Forge.  Noye,  and  Reeves  types. 

Standardization  of   High-speed  Engines  and   Dynamos. — The 

numerous  sizes  and  styles  of  engines  and  generators  of  the  vari- 

"^^  manufacturers  resulted  in  great  confusion,  each  builder  being 

obliged  to  have  many  patterns  to  fit    the   diflferent  machines  on 

*"«  market.     To  avoid  this  trouble  a  committee  of  the  American 

Socictj'  of  Mechanical  Engineers  has  made  certain  recommenda- 

hons,  which  may  be  found  in  full  in  the  Proceedings  for  1901 

*'»d  in   the  En-ctrical    WorU  of  Dec.  7.    IftOl.      The  standard 

"Opacities,  speeds,  shaft  diameters,  and  principal  dimensions  rec- 

**^mcnded  are  as  shown  in  the  table  on  J>age  178. 

KediQm*fipeed  Engines. — Besides  the  types  of  high-speed 
*"gtncs  just  described,  a  third  class  of  engines  was  defined 
VP- 156)  to  be  those  which  are  a  compromise  between  the  low-speed 
Corliss  and  the  high-speed  Ball  engine,  for  example.  These 
^«  vertical  or  horizontal  and  cross-compound  or  tandem-com- 
Pound.  the  speed  being  ordinarily  between  125  and  200  r.p.m. 
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STANDARniZATION   OF  DIRECTCONyECTED   ENGINES   AWP 
GENERATORS. 

RjtCOUMENDBO  BY   THB  AMERICAN   SOCIETV  OF  MECHANICAL   ENGI.NEUU. 
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FiTe  per  c«nt.  Tariatlon  nf  ap^cd  pemtiMible  abore  and  below  •f>eed  in  table. 

niaiance  (fom  crnter  of  »baH  to  top  of  t>aiie  «1  outbojifd  bearmi:  mjy  be  le«a  than  "C  "  itu 
•ull  cnKinc  bultderl.  tbouEb  not  leu  thin  pOAiible  owtaide  r^dlui  d1  ^rniaiure. 

Up  t«  6  iDchea  diameter  rnKiiM  alialt  U  i«V»  i"!^''  largct  thaa  anDBiure  bore,  and  over  6  inchrc 
tfiUKter  It  In  lAa  l"cl>  larRer. 

An  example  of  this  class  is  the  vertical  cross-compound  type 
built  by  Mcintosh,  Seymour  &  Co.  and  represented  in  Fig.  55. 
The  admission  of  steam  and  tlic  e.xhaust  are  controlled  by  flat 
gridiron  valves  actuated  by  an  eccentric  through  rock-shafts  and 
links  designed  to  secure  rapid  opening  and  closing.  The  cut-off 
is  determined  by  a  tliird  gridiron  valve  riding  on  the  steam-valve 
and  operated  positively  by  a  separate  eccentric  under  ihe  con- 
trol of  a  shaft  governor  similar  to  that  employed  on  the  high- 
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Speed  engines  already  referred  to  (p.  168).  These  gridiron 
valves  are  claimed  to  have  even  less  clearance  than  the  Corii^ 
form,  and  since  they  contain  about  twelve  ports  the  motion  re- 
quired to  obtain  full  opening,  is  only  i  inch  for  small  sizes  and 
14  inch  for  the  largest  engines. 

Cross-compound  engines  of  this  type,  both  vertical  and  hori- 
zontal are  made  in  3*J  sizes^  the  smrilcst  having  cylinders  13  ami 
2S  inches  in  diameter,  giving  about    30n  H.P..  while  the  largeS* 
has  311-  and  46-inch  cylinders,  developing  about  1,000  H.P.    Eack 
size  may  be  built  for  24-,  80-.  36-.  42-  or  48-inch  stroke,  the  spc«^ 
of  the  smallest  being  145  to  175  r.p.m.  for  the  shortest  and  *^^ 
to  100  for  the  longest  stroke.     There  are  larger  engines  in  ^* 


sizes,  the  smallest  with  cylinders  27  and  56  inches,  giving  abouP'*"^ 
1,200  H.P..  and  the  largest  with  cylinders  41  and  82  inches,^  ^ 
iving  about  3.000  HP.  The  stroke  in  this  case  is  30,  36.  42,—  "* 
48,  54,  60.  or  H6  inches,  depending  upon  the  size  of  engine—  "^ 
This  great  variety  of  cylinder  diameters,  lengths  of  stroke,  and^--^ 
speeds  enable  a  selection  to  be  made  in  accordance  with  the"^^* 
conditions:  steam  pressure,  condensing  or  non-condensing,  char-  — ""^ 
actcr  of  service,  first  cost,  operating  expense,  etc.  The  250  K-W. 
size  of  the  type  represented  in  Fig.  55  is  15  feet  high  and  occu- 
pies a  floor  space  11  by  15i  feet;  the  750  K.  \V.  size  is  25  feet 
high  and  IS  by  23A;  the  2.000  K.  \V.  size  is  2S  feet  high  and 
Sl^  by  31,  these  being  appro.simate  dimensions. 
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Other  well-known  medium -speed  engines  are  those  built  by 
the  Ball  &  Wood  Company  and  provided  with  Corliss  valves  that 
are  non-releasing,  being  operated  positively  by  eccentrics  with 
the  cut-off  controlled  by  an  inertia  shaft  governor  similar  to  that 
on  the  high-speed  engines  (Fig.  47).  They  are  made  in  the  hori- 
[iiital.  tandem-compound  form  in  7  sizes  from  125  to  375  H.P., 
and  speeds  of  -215  to  235  anc^^lSO  to  200  r.p.m.  respectively; 
also  horizontal  and  vertical  cross- com  pound  engines  from  ;JUU  to 
1,200  H.r..  with  speeds  of  180  to  200  ^nd  130  to  150  r.p.m. 

The  Harrisburg  four-valve  engine  is  a  prominent  medium- 
'ipced  design.      It  employs  rotary  valves  actuated  positively  by 
eccentrics  through  bell-cranks  that  give  rapid  opening  and  closing, 
the  cut-off  being  varied  by  an  inertia  shaft  governor  of  the  kind 
shtiWTi  in    Fig.    50.      The.sc  engines  are  built  either  simple  or 
Undem-compound,  in  many  sizes,  from   100  to  l.-'iOO  H.P.   with 
speeds  from  210  to  90  r.p.m.     The  Harrisburg  Corliss  engine  has 
steam -ace  derated  valves  intended  to  enable  it  to  run  faster  than 
*»ith  the  ordinary  Corliss  releasing  gear.     The  cut-oft"  is  con- 
Uollcd  by  an    inertia  governor,   but    not  mounted    on  the  main 
hail,  being  connected  to  it  by  belting  to  get  the  necessary  speed. 
This  t>'pc  us  made  in  the  horizontal,  simple,  tandem-compound 
and  cross-compound  forms,  the  two  latter  in  26  sizes,  from  410 
to  1.850  H.P..  with  speeds  from  100  to  SO  r  p.m.     (See  p.  HiO.) 
Steam  Turbines  depend  for  their  aetion  upon  the  conversion  of 
Mr  heat-energy  of  steam  into  h'ncdc  enerj^y  and  in  the  trnns- 
U'tHce  of  this  kinetic  energy  from  the  steam  to  the  rotating  parts 
of  the  turbine.     In  a  general   way  they  are  analogous  to  the 
hydraulic    turbines    treated    in    Chapter    XIV,   the    principle   of 
operation   and  classification   into   parallel,   outward  and   inward 
flbw  wheels    being    similar.      With  water,  however,   the  kinetic 
energ)'  is  derived  from  the  potential  energ>'  of  hydrostatic  pres- 
sure or  bead,  and  little  change  of  temperature  occurs,  while  witli 
steam  the  pressure  depends  entirely  upon  heat.     Furthermore, 
the  volume  of  water  is  practically  constant,  whereas  that  of  steam 
varies  enormously.     For  example,  1  cubic  foot  of  water  produces 
Hi  cubic  feel  of  saturated  steam  at    2O0  lbs.    absolute,    1,647 
_cubic  feet  at  atmospheric  pressure,  and  25,500  cubic  feet  if  cx- 
ided  adiabatically  from  200  to  .6  lbs.  abs.  (28.7  inch  vacuum). 
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In  the  last  case  25.6  per  cent  of  the  steam   would    be  coa 
dcnscd. 

The  much  higher  velocity  of  the  fluid  is  the  greatest  difference 
between  steam  and  hydraulic  turbines.  With  a  head  of  50  feet 
the  theoretical  velocity  of  the  fluid  entering  a  waterwheel  is  only 
80  feet  per  second.  In  steam  turbines  the  veiocity  of  the  fluid 
usually  1.500  to  4,(K>0  feet  per  second,  one  reason  being  that  th 
lower  density  demands  higher  velocity.  A  cubic  foot  of  wat 
moving  80  per  second  has  kinetic  energy 


m^ 


2 


-4*    oo  .r  =  ^-210  foot-pounds. 


Dry  saturated  steam  at  100  lbs.  abs.  pressure  weighs  only  .23  lb. 
instead  of  62.6  lbs.  for  water,  hence 


I 


.23  X  1.320» 


2  X  32.2 


=  6,210  foot-pounds, 


^ 


showing  that  its  velocity  must  be  1,320  feet  per  second  to  give 
the  same  energy.     The   chief  reason  for  high  speeds  in  steam 
turbines  is  the  physical  fact  that  the  particles  in  a  steam  jet  move^ 
very  rapidly.     If  1  lb.  of  dry  saturated  steam  at  285  lbs.  abs. 
pressure  be  expanded  adiabatically.  doing  work  on  nothing  but: 
itself,  through  a  suitable  divergent  nozzle  into  a  space  in  which. 
the  pressure  is  .6  lb.  abs.,  2ti.7  per  cent  of  the  steam  is  con- 
densed,  and  the  heat-energy  given  up  is  38C  B.T.U.     Hence 
kineticenergy=  386X778 ft. -lbs.  and  1  XT'* -^  2^  =  3.s2x7T8.or 
V  =   i'386  X  778  X  64.4  =  4.400  feet  per  second.    With  a  steam 
pressure  of  200  lbs,  abs.  against  atmoapheric  back  pressure  the 
velocity   is   3.100  ft.  per   second,  and   into  a    28-inch  vacuun> 
(.H3lb.   abs.)  it  is  4.127  ft.   per  second.       For    100    lbs.    abs. 
pressure  the  velocities  are  2,700  and  3,870  ft.  per  second  rcspec-^ 
rively. 

A  steam  turbine  compared  with  a  reciprocating  engine  has  tl 
same  maximum  possible  efficiency  as  given  by  the  expressioi 

T  —  T 

'-= — ',  already  discussed  on  page  76. 
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that  make  the  actual  efficiency  fall  below  this  theoretical  value 
are  largely  different  in  the  two  cases.     In  reciprocating  engines 
the  greatest  loss  is  usually  due  to  cylinder  condensation  (p.  162), 
b)"  which  the  cylinder  walls  cooled  by  the  exhaust  rob  the  enter- 
ing steam  of  considerable  heat.     This  cause  of  loss  docs  not  ex- 
ist in  llic  steam  turbine,  since  the  flow  is  continuous  and  in  the 
same  direction,  some  surfaces  being  in  contact  with  the  entering- 
*team  and  some  with  the  exhaust,  but  none  with  both.      The 
**  clearance  "  or  spaces  between  the  piston  and  the  ends  of  the 
blinder,  also  in  the  passages  leading  to  the  valves,  occasions 
^os5  in  reciprocating  engines,  but  does  not  apply  to  turbines.    Slide 
***"  roury  valves  which  may  allow  leakage  of  steam  in  engines  are 
L^ot  used   in  steam  turbines.     Some  steam    leaks  in  the  latter 
*"~ound  tlie  peripher>'  of  the  wheels,  since  there  must  be  a  certain 
*^'^arance    for    free    rotation,   but    with  many  wheels,  as   in  the 
Arsons  or  Curtis  types,  the  leakage  around  the  first  is  partly 
*^-Aeii  in  the  next,  and  so  on.     For  the  single  Dc  Laval  wheel  the 
"^itial  expansion  is  nearly  complete,  and  therefore  little  tendency 
i:*=>   leak. 

Friction  in  the  best  reciprocating  engines  causes  a  loss  of  7 
?*^r  cent  or  more,  and   in  ordinary  engines  it  is   10  or  12  per 
^^Tit.  owing  to  the  number  of  moving  parts,  while  in  the  turbine 
*^cre  need  be  only  bearings   for   the  shaft.     Nevertheless,   the 
^^ief  loss  in  a  steam  turbine  is  due  to  the  friction  of  the  steam 
*gaia<it  the  various  surfaces  and  against  itself,  even  when  it  is  dry 
*nd  at  low  pressure.     With  wet  steam  and  high  pressures  the 
loss  is  much  greater.     Excessive  friction  would  also  be  pr<jduced 
if  U'ater  should  accumulate  by  condensation  and  come  in  contact 
*ith  the  rotating  parts.     Even   though   the  entering  steam    be 
perfectly  dry  it  will  be  partially  condensed  and  wet  after  it  ex- 
pands and  docs  work,  unless  it  is  previously  superheated.     The 
efficiency  of  steam  turbines  is  greatlj'  increased  (Fig.  60a)  by 
superbeatinj^,  and  the  gain  appears  to  be  more  than    thermo- 
^)T»ainic  principles  would  account  for,  the  explanation  being  that 
"is partly  due  to  reduced  friction.     An  advantage  of  the  steam 
^vcTthe  hydraulic  turbine  is  the  fact  that  some  of  the  heat  gene- 
itcd  by  friction  is  restored  to  the  Ruid  in  the  former,  whereas  it 
«  »bolly  lost  in  the  latter. 
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The  use  of  a  condenser  raises  the  efficiency  of  a  steam  turbine 
even  more  than  in  the  case  of  a  reciprocating  engine  (Fig.  60^). 
This  additional  benefit  Is  in  part  the  result  of  diminished  friction, 
but  there  arc  otiicr  important  reasons.  Wlicn  the  pressure  of 
saturated  steam  is  diminished  from  5  to  1  lb.  abs.  the  tempera- 
ture falls  from  16:2.4°  to  lO'i"  F.,  whereas  a  lowering  of  pressure 
from  200  to  150  lbs.  abs.  reduces  the  temperature  only  from 
381.6"  to  358. 2'  F.  (p.  90).  Consequently  there  is  great  thermo- 
dynamic advantage  in  having  a  good  vacuum  in  the  condenser. 

This  gain  is  partly  neutralized  in 
the  reciprocating  engine  by  ex- 
cessive cylinder  condensation  (p, 
I6ii).  The  steam  turbine,  being 
free  from  this  trouble.  benefitaH 
greatly  by  improved  vacuum.  i^^| 
further  limitation  of  the  recipro- 
r'^  Cl  I    I^K^^  eating  engine  is  the  practical  im- 

y    X^t    \   KvV  possibility  of  taking   full    advan-, 

J      V  V%;  ^j^Bx      **Sr^  ^^  ^  >i^xy  good  vacuum, 

cause   the    volume  of  the    steal 
fi9  bta    PriHcifii9  9fD4ia.M7Mr»M«.      Jncreascs  so  enormously   (p.    91 

that  the  bulk  and  friction  of  th< 
engine  would  be  excessive.  Hence  it  is  not  practicable  to  ob- 
tain more  than  10  to  20  "expansions,"  On  the  other  hand, 
the  steam  simply  flows  through  a  turbine  at  very  high  velocity, 
50  that  100  expansions  can  easily  be  reached  without  requiring 
the  volume  of  the  machine  to  be  unduly  large.  fl 

Economy  at  Light  Loads  is  another  point  of  superiority  of  the^ 
steam  turbine.  In  the  next  chapter  it  is  pointed  out  that  the 
steam  consumption  of  the  best  engines  per  H.P.-hour  at  one- 
quarter  load  is  60  or  SO  per  cent  greater  and  often  100  per  cent 
more  than  at  rated  load.  A  Curti.s  turbine  is  shown  in  Fig.  GO* 
to  require  only  about  18  per  cent  more  steam  per  K.W.-hour 
150  K.  W.  than  it  does  at  rated  load  of  tJOO  K.  W. 

The  Hotiou  of  the  turbine  being  rotary  and  constant,  there  is 
far  less  vibration  and  strain  than  in  reciprocating  engines,  so  that 
foundations  may  be  much  lighter  and  cheaper.  The  high  and 
uniform  speed  of  steam  turbines  is  advantageous  for  driving  alter- 
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nators  in  parallel  since  there  is  less  tendency  to  "hunt"  or 
vary  in  angular  velocity. 

Compactness  is  the  most  striking  characteristic  of  the  steam 
turbine,  as  tltustrated  in  Fig,  60,  It  is  chiefly  due  to  very  high 
speed,  continuity  of  action,  and  tlistributit>n  of  strains. 

The  De  Laval  Steam  Turbine. — The  original  form  invented 
about  18S3  uas  on  the  principle  of  Hero's  engine,  the  modern 
type  with  expanding  nozzle  being  brought  out  in  1889.  The 
essential  elements  of  the  latter  are  represented  in  Fig.  TBa  and 


V 


r 


% 


fiq.  67.    atcUWHU  PUfi  of  Ot  iaeat  30-H.P.  Btaom  ruMiit. 


Consist  of  a  single  rotating  wheel  of  steel  with  curved  blades 

*^ich  form  passages  from  one  side  to  the  other  near  the  pcriph- 

*T-    The  steam  impinges  upon  these  blades  from  a  number  of 

^^«lcs  with   divergent  orifices,    one    being   shown    in    section. 

•^  form   secures   the  very  important  result  that   the   kinetic 

^'itTgj*  in  the  issuing  jet  is  practically  equal  to  work  done  on  the 

V^m  of  an  ideal  engine  by  the  same  volume  of  steam  with  equal 

'^of  expansion.     In  other  words  it  converts  heat-energy  into 

**^hanical  energy  as  perfectly  as  the  second  law  of  thermo- 

^yjumics  allows  (pp.  70  and  91).     The  section  at  the  smaller  end 

*«slbe  sufTicicnt  to  pass  the  requisite  quantit>'  of  steam,  and  at 

«*  brger  end  to  obtain  the  proper  expansion.     If  the  UQZ.zVfe 
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is  too  short  there  will  be  loss  due  to  eddying^  currents  in  th< 
and  if  too  long  friction  becomes  excessive.     The  nozzles  arc 
numerous  in  the  larger  turbines,  for  example,  the  22.'>-H.P. 
as  built  in  England  has  &  nozzles  and  as  many  as  15  have  b* 
used  in  still  larger  machines.     The  axis  of  each  nozzle  is  set 
an  angle  of  20**  with  respect  to  the  plane  of  the  wheel.  I 

The  high  velocity-  of  such  steam  jets  has  already  been  poin' 
out  (p.  182),  and  was  shown  to  be  3,100  and  4,127  ft.  per  seco 
respectively  when  steam  at  200  lbs.  abs.  pressure  expands 
atmospheric  pressure  or  into  a  28-inch  vacuum  (.93  lb.  abs 
Theoretically  the  blades  should  have  one-half  the  speed  of  I 
jet  for  maximum  efficiency.  The  steam  would  then  be  deliva 
backward  with  respect  to  the  blades  at  the  same  velocity  W 
which  they  advance,  so  that  the  absolute  motion  is  zero  and 
the  kinetic  energy  given  uji  to  the  wheel.  Practically  the  ste 
leaves  the  blades  at  a  considerable  angle  in  order  to  flow  an 
properly,  and  has  an  absolute  velocity  of  about  \  the  Initial;  I 
it  carries  away  only  \  of  the  kinetic  energy  which  is  proportioi 
to  the  square  of  the  velocity.  This  principal  is  further  explair 
in  connection  with  hydraulic  turbines  (Fig.  C8).  Assiuni 
4,000  ft  per  second  for  the  jet,  which  is  not  uncommon,  thi 
retically  the  blades  should  move  about  2.000  ft.  per  seco 
(22.7  miles  per  minute),  but  mechanical  limitations  due  to  c< 
trifugal  force,  etc.,  reduce  the  actual  speed  to  10.600  r.p.mi 
1.380  ft.  per  second  (15.6  miles  per  min.)  for  the  SOO-H.P.  wh« 
the  diameter  of  which  from  center  to  center  of  blades  is  30  incW 
the  peripheral  velocity  being  5  per  cent,  higher.  The  S-Hl 
wheel,  with  a  mean  diameter  of  4  inches,  turns  at  30,000  r.ps 
or  oOO  ft.  per  second.     The  centrifugal  force  for  each  pound 

15  inches  or  1.25  ft.  radius  is  '*^  ^  L^  ^'fT»  =  *7,6O0  lbs. 

r        82  X  1.25  ' 

23.8  tons,  and  for  each  blade  weighing  j^  lb  it  is  nearly  one  tc 

To  withstand  this  enormous  stress  the  larger  wheels  are  ma 

thick  near  the  center  and  taper  toward  the  periphery,  as  sh 

in  Fig.  57. 

At  these  extreme   speeds  vibration  is  excessive  unless 

wheel  rotates  about  its  center  of  mass  and  it  is  practically  imp^ 

sible  to  obtain  a  perfect  balance  with  respect  to  a 
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This  difficulty  is  avoided  in  the  De  Laval  turbine  by  using  a  long 
shaft  of  small  diameter  (Figs.  56a  and  57}  that  is  sufficiently 
flexible  to  permit  the  wheel  to  choose  ils  own  axis  of  rotation, 
which,  above  a  certain  critical  speed,  passes  through  the  center 
—^  of  mass.  The  5-H.P.  turbine  has  a  spindle  |  inch  in  diameter 
y  and  l^  inches  for  the  30(t-H.P.  size,  their  torsional  strength 
king  ample  to  transmit  the  power  at  the  very  high  speeds. 

It  is  not  practicable  to  run  electric  generators  at  1(1. OOO  to 

>  30,000  -.p.m.,  hence  the  speed  is  reduced  by  gearing  to  775  and 
3,000  r.p.m.  respectively.  In  Fig.  57  the  turbine  A  is  mounted 
on  the  spindle  RS  of  hard  steel  which  carries  two  pinions  y  en- 
gaging with  two  gear-wheels  K  on  the  shaft  Z,,  the  generator 
Iwing  directly  connected  to  the  latter  by  the  coupling  M.  The 
H  gearing  is  double-helical,  as  represented,  in  order  to  reduce  the 
n-^sc  and  strains,  the  sjjeed  of  the  teeth  being  very  high  — about 
'*•*►  ft.  per  second  for  all  sizes.  A  comparison  between  the  space 
occupied  by  the  gearing  JK  and  by  the  turbine  A  is  striking. 
The  eight  sizes  up  to  55  H.P.  are  made  in  the  general  form  shown 
in  Fig.  57.  but  the  five  sizes  from  75  to  SOU  H.P.  have  gear- 
*li«l5  on  both  sides  of  the  pinion  driving  two  shafts,  to  each  of 

I  which  a  generator  is  directly  connected. 
A  centrifugal   governor   mounted   on  the  lower-speed  shaft 
'cgulatcs  the  flow  of  steam.     In    condensing  turbines  a  valve 
controlled  by  the  governor  admits  air  to  the  turbine  casing  and 
thus  varies  tlic  back  pressure.     This  governor  should  act   only 
^  ^w  small  variations  tn  load  because  throttling  the  steam  or  admit- 
^^ting  air  reduces   the  efficiency ;  hence   considerable  changes  in 
H|p^  should  be  effected  by  varying  the  number  of  nozzles  in  use. 
TT»is  may  be  accomplished  by  an  arrangement  similar  to  that 

Pemploytd  for  the  Curtis  turbine. 
The  friction  of  the  steam  against  the  rotating  wheel  has 
i'rcjdy  been  stated  to  be  very  considerable  at  high  speeds,  and 
'*  closely  proportional  to  the  density  of  the  medium.  The 
dc  Laval  wheel,  which  is  single,  turns  in  steam  at  about  atmos- 
pMc  pressure  for  non-condensing  and  in  a  partial  vacuum  for 
t^widensing  operation.  This  has  been  noted  as  an  additional 
'cason  for  using  condensers  with  turbines.     In  the  Parsons  and 
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Sng  many  rings  of  blades  instead  of  a  single  wheel,  the  general 
■construction  being  shown  in  Fig.  5S.     The  steam  enters  at  A  and 
passes  to  the  riglit  through  tlie  scries  of  blades  to  the  exhaust 
chamber  B-     There  is  first  a  set  of  stationary  blades,  then  one  of 
znovinff  blades   and    so   on    alternately,    similar  to   the   Curtis 
arrangement  represented  in  Fig.  59,  but  expanding  nozzles  are 
not  employed  at  the  influx  or  at  later  stages,  tJie  expansion  being 
obtained  by  progressive  enlargement  of  the  passages.     This  is 
secured  by  increasing  the  depth  of  the  blades,  and  when  a  practical 
limit  is  reached,  the  diameter  of  the  wheel  is  made  larger,  as  at  E 
and    G.      On   the  left  of  the   steam  inlet  A   there  are  balance- 
I    pistons  (CCC)  corresponding  to  the  different  diameters  of  the 
I    turbine,  being  1  to  4  in  number  according  to  size.      These  prac- 
tically neutralize  the  end-thrust  of  the  steam,  a  small  thrust-bear- 
ing {H)  being  introduced  to  take  care  of  slight  inequalities.    There 
is  a  little  clearance  around  each  piston,  but  the  leakage  of  t^team 
i%  small.    A  pipe  (AT)  connects  the  back  of  the  balance  pistons  at 
^with  the  exhaust  chamber  to  equalize  the  pressure.      There 
fmt  three  bearings  {J.J.J),  each  comprising  a  gun-metal  sleeve 
and  three  concentric  tubes  with  small  clearances  between  them. 
These  fill  up  with  oil  and  permit  a  very  straight  vibration  of  the 
shaft,  so  that  it  may  rotate  about  its  axis  of  mass,  the  result  being 
similar  to  that  obtained  by  de  Laval's  flcxibie  shaft.      The  oil 
drains  from  the  bearings  into  the  chamber  N,   from  which  it  is 
forced  by  the   pump  M  into  the  reservoir  O,  to    be  used  over 
again  by  gravity.     A  by-pass  valve  admits  high-pressure  steam 
through  Q  to  the  space  £",  enabling  60  per  cent  overload  to  be 
carried    with    somewhat  reduced  efficiency  for    emergencies    or 
temporary  conditions. 

I        The  governor  is  of  the  fly-ball  centrifugal  type  (Fig.  68).  and 
I  so  arranged  that  in  its  middle  position  it  admits  full  steam  pres- 
sure.      A  movement  in  either  direction  tends  to  reduce  the  sup- 
ply, so  that  in  case  of  short-circuit  or  other  excessive  load  the 
steam  is  shut  off  instead  of  being  increased  in  amount. 

The  Curtis  Steam   Turbine    consists  of  a  scries  of  stationary 
mding  nozzles  N  in  Fig.  59,  from  which  the  steam  passes  suc- 
ivcly  through  two  or  three  rings  of  revolving  blades  hSM  on 
the  rotating  wheel,  being  placed  allcmalely  whh  rings  of  reversed 
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blades  on  the  stationary  clement.    A  set  consisting  of  several  lini 
of  moving  and  stationary  blades,  as  rcprcsenlcd,  is  called  a  stage 
of  which  there  arc  from  two  to  five.     The  steam  flows   through 
these  stages,  being  InlnKJuccd  cadi  time  through  expanding  nozzles 
formed  in  a  fixed  diaphragm  that  separates  one  stage  from  the 


f '(T.  fiV.     Prinef^t  of  Curtlt  Sttam  TurUim. 


next.  The  total  number  of  rings  of  moving  blades  M  is  usually 
from  G  to  10,  being  8  for  2000  K.  W.;  consequently  in  this  respect 
the  Curtis  type  is  a  compromise  between  the  simple  dc  Laval  wheel 
and  the  numerous  rings  of  the  Parsons  turbine,  of  which  there  are 
58  in  the  375  K.  W.  size  and  about  70  in  the  2000  K.  W.  size,  as 
built  by  the  Westinghousc  Machine  Company. 

The  diameter  of  the  Curtis  wheel  is  considerably  greater  than 
that  of  the  de  Laval  or  Parsons,  being  about  6|  feel  for  500  K.  W. 
and  12i  feet  for  5000  K.  W., compared  with  2J  feet  for  the  200  K.  W. 
de  Laval,  about  2  ftxt  for  the  375  K.  W.  Wcslinghouse-Parsons, 
and  0  feet  for  the  2000  K.  W.  turbine  of  that  design,  the  last  two 
being  maximum  diameters  at  the  large  end  (Fig.  68).  On  account 
of  increased  diameter  the  sjiceds  ()f  the  Curtis  turbines  arc  much 
lower  than  those  of  the  dc  l^val  iir  even  Parstms  type.  The  first^^ 
runs  at  1800  r.  p.  m.  for  500  K.  W.  and  500  r.  p.  m.  for  5000  K.  W.;f 
the  dc  Lavai  at  20,000  r.  p.  m.  for  20  K.  W.  and  10,600  r.  p.  m.  for 
300  K.  W.;  and  the  Westinghousc- Parsons  at  3600  r.  p.  m.  for 
375  K.  W.  and  1000  r.  p.  m.  for  2000  K..  W.  The  speed  of  the 
blades  in  the  Curtis  wheel  is  bdween  300  and  400  feet  per  second; 
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tor  the  200  K.  W.  dc  Laval  it  is  1380  feet  per  second;   and  about 
200  to  300  feet  per  second  for  various  sizes  of  Parsons  turbines. 

The  governing  of  the  Curtis  turbine  is  effected  by  opening  and  § 
closing  the  nozzles,  two  of  wliich  are  shown  open  and  three  closed 
in  Fig.  59,  the  total  number  being  from  4  to  30  in  each  stage.    The  _ 
nozzles  of    the  later   stages   may  be  operated  in  correspondence  ■ 
with   those  of   the   first    stage,   some   improvement    in    light -load 
economy  being  thus  secured;    but  usually  the  gain  is  small  and 
docs   not   warrant   the  complication   involved.     In  some  cases  an 
approximate   adjustment    is   maintained    by    automatic    valves 
later  stages  whicli  control  the  nozzles  in  accordance  with  the  pres- 
sure behind  them-    These  are  introduced  as  much  to  limit  the 
pressures  in  stage  chambers  as  to  Improve  the  light-load  economy. 
The  governor  is  of  the  fly-ball  centrifugal  type,  connected  by  a 
steel  ribbon  to  a  device  that  opens  and  closes  the  various  nozzles. 
In  some  cases  the  nozzles  are  operated  elect romagnelically  and 
in  others  by  steam  relay  valves. 

For  direct  connection  with  electric  generators  the  Curtis  tur- 
bine is  usually  made  in  the  vertical  form  represented  in  Fig.  60. 
The  step  bearing  that  carries  the  weight  of  the  moving  parts  is 
very  simple  and  successful.  It  consists  of  an  enlargement  AB 
at  the  fo<jt  of  the  main  shaft  CD  which  rests  on  a  flat  surface  EP 
(Fig.  60c).  Oil  is  pumjwd  into  the  central  space  G  under  a  high 
pressure  somewhat  greater  than  the  weight  carried  per  square  inch 
of  surface,  the  shaft  being  actually  lifted  from  .004  to  .010  inch, 
so  that  it  tloaLs  upon  a  film  of  oil.  The  moving  mass  of  the 
fiOOO  K.  W.  turbine  weighs  64  Ions,  yet  the  friction  is  so  small  that 
it  can  be  turned  by  applying  one  finger  to  the  periphery  of  the 
wheel,  which  is  12^  feet  in  diameter.  In  case  the  pump  fails,  there 
is  an  automatic  stop,  but  the  effect  of  shutting  off  the  oil  supply  is 
merely  to^  wear  off  the  surfaces  about  .01  inch,  without  serious 
barm.  It  is  also  found  that  water  at  high  pressure  may  be  used 
instead  of  oil.  The  flow  of  oil  or  water  is  small,  the  power  required 
to  drive  the  pump  being  much  less  than  1  per  cent  of  the  total 
output  of  the  generator. 

The  combinetl  turbine  and  5000  K.  W.  alternator  are  14  feet 
10  inches  in  diameter  at  the  base  and  25^  feet  high  above  the  floor. 
In  Fig.  60  this  combination  is  compared  in  size  with  a  Corlifis 


n 

" 

~ 

" 

1 

s-" 

\ 

*A 

1 

^\\ 

\ 

\ 

fi 

\ 

s. 

I 

s 

pi' 

\ 

s 

Vj 

-H 

^ 

_ 

^iit 

> 

s 

3  17 

■-^ 

-^ 

J 

- 

^'  :  i_ 

- 

U 

K) 

21 

M 

K 

M 
0 

« 

UT 

PU 

T 

« 

10 

7C 

0 

80O 

fiff.  00a.    Ctirtit  Tur^n*  wltlMut  Rirf  w/t*  Atp*^ 
Awtffjiff, 


21   71    n  34   »   16   27    »  29 

VACuuu  ir^s.  MEftcumr 

Fig,  eOb.     Curtit  TiirOiat  attk 
Oiffuamt  VocML 


fig.  OOe.    St*i>  0«n'li>9, 


TVPKAL  FOKMS  OF  STEAU'El^GfNE. 


198 


c  also  directly  connected  to  a  5000  K.  \V.  alternator  as  installed 

in    Ihe  Manhattan  Railway  power  station,  New  York  City.    The 

speod  of  the  former  is  600  and  of  the  latter  75  r.  p.  m.,  which 

largely  accounts  for  the  great  difference  in  size,  the  total  weights 

^fi  the  two  cases  being  in  the  ratio  of  1  to  8- 

^P   The  curves  in  Fig.  60a   give  results  obtained  from  a  600  K.  W. 

Curtis  steam  turbine  at  1500  r.  p.  m.,  under  140  lbs.  pressure,  a 

vacuum  of  28.5  inches,  without  superheating  (1)  and  with  150°  F. 

superheat    (2).       It    is   shown   in    Fig.  ^h    that    the   economy   is 

tmprD\'ed   in  direct  proportion  to  the  vacuum  in  the  condenser, 

In    other  words,   the  turbine  takes  full  advantage  of  the  highest 

degrees  of  expansion,   the   reciprocating  engine  being  limited  in 

tliis  respect,  as  already  pointed  out. 

^ft     The    Rateau    Steam    Turbine  resembles   the    Parsons  type  in 

^oaving  many  rings  of  blades  nf  mnrienite  dianietcr  mounted  upon 

^^  a  long  shaft,  but  dilTers  frnm  the  latter  in  the  respect  thai  each 

Opting  of  Ulaclcs  revolves  in  a  compartment  of  its  own.    The  object 

^^  oi  this  construction  is  to  avoid  leakage,  which  is  one  of  the  chief 

Acuities  in  these  machines.     It  has  been  explained  ihat  the  initial 

expansion  is  practically  complete   in  the  de  Laval  wheel,  hence 

tWrc  is  little  difference  in  pressure  to  produce  leakage.    On  the 

•Jtl*!  hand,  a  single  wheel  must  run  at  extremely  high  speeds.    In 

"If  I'arsons    turbine   peripheral   speed    is   reduced   by    employing 

'^ytt'heels,  but  these  involve  differences  of  pressure  and  leakage 

wtwctn  each  space  and  the  next.     This  is  not  all  loss,  because 

Scam  Ihat  leaks  at  one  point  may  be  utilized  later;  nevertheless 

'^  clearances  are  made  so  small  that  almost  perfect  design  and 

nship  are  demanded,  and  even  then  trouble  often  results. 

i*.  turbine  has  two  to  five  "stages"  separated  by  diaphragms 

'**n!duce  leakage,  with  two  or  three  rings  of  moving  blades  in  each. 

^  Ratcau  arrangement  separates  each  wheel  from  the  next  by 

"diaphragm,  which  involves  more  complicated  construction. 

EHfficolties  with  Steam  Turbines  are  chiefly  due  to  the  small 
Frances  considered  above,  and  to  high  speeds.  E.xpan.sion  of 
"•c  |J4its,  especially  with  high  pressure  and  superheated  steam,  is 
^**')'  tn  allow  the  moving  parts  to  strike  or  rub  against  the  sta- 
""f'iiry  parts.  Unequal  expansion  of  the  frame  may  also  cause  the 
'•^^nngs  lo  bind  the  shaft  and  pre\'ent  its  free  rotatiotu 
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CHAPTER    XII. 

STEAM  SNGIIfES    FOR   EI^CTRIC   LiaHTlNO. 
8KLECT10N,  OTSTAiLATION.  AJTD  MANAGEMENT. 

The  selection  of  the  best  size  and  type  of  steam-engine  for] 
a  given  electric  lighting  plant  is,  next  to  the  choice  of  the  system 
itself,  the  most  important  question  which   the  engineer  has  to 
decide,  since  the  satisfactory  operation  and  working  expenses  of 
the  station  are  directly  dependent  upon  it. 

The  number  of  units  in  large  central  stations,  whether  steam- 
engines  or  dynamos,  should  be  sufficient  so  that  the  disabling  of 
one  will  not  interfere  with  the  proper  running  of  the  station  ;  and, 
if  possible,  the  number  and  size  of  units  should  be  such  that  two 
of  them  may  break  down,  and  still  allow  the  plant  to  carrj*  its  full 
load.  The  same  idea  may  be  expressed  somewhat  diflferently  by 
stating  that  no  unit  should  be  more  than  one-quarter  to  one-tenth 
of  the  total  capacity  of  the  plant,  and  there  should  be  one  or  two 
spare  machines.  In  very  small  plants  it  is  obviously  impracti- 
cable to  subdivide  the  power  into  many  units,  but.  even  in  that 
case,  it  is  always  desirable  to  have  at  least  two  engines;  and,  if 
possible,  each  of  them  should  be  capable  of  carrying  the  ordinary 
load,  or  such  a  large  fraction  of  it,  that  a  sufficient  number  of 
lights  can  be  run  to  give  a  reasonable  supply,  and  not  cau! 
serious  inconvenience  in  case  of  a  stoppage  of  one  engjine. 

In  central  stations  «f  medium  size  the  number  of  engines  shout 
be  intermediate  between  those  of  a  large  station  and  a  small  plant, 
that  is,  from  3  to  6.  There  are  exceptions  to  these  general  rules, 
some  stations  having  one  or  two  very  large  engines  connected 
lo  a  few  large  dynamos,  or  to  a  number  of  small  ones.  This 
plan  has  the  advantage  of  simplicity  and  low  first  cost ;  but  it 
has  the  disadvantages  of  practically  shutting  down  the  station  if 
anything  happens  to  one  engine,  and  the  economy  of  running 
a  large  engine  during  periods  of  light  load  would  be  very  l^w-fl 
In  factf  one  or  two  auxiliary  engines  ot  smaUet  aiie  would  be  a 
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2^^'*~y  desirable  addition  to  such  a  plant,  not  only  as  a  safeguard 
erase  of  a  breakdown  of  the  main  engine,  but  also  for  use  when 
V»^   load  is  small.     This  would  make  the  total  number  of  engines 
^^^l^!>out  three  or  four. 

^f  TAg  relative  sisf  of  the  units,  that  is,  the  question  whether  they 

^l^ould  be  of  the  same  or  of  different  power,  is  often  a  pcqilexing 

F>oirit.     The   chief  advantage  of   uniformity  in   size   is    the   intcr- 

V» a^igcability  of  parts,  and  the  possibility  of  having  one  or  two 

pk^JC  parts  which  can  be  used  in   any  engine  that  may  happen 

t*^    require  them.     On  the  other  hand,  the  adoption  of  engines  of 

^ifftrent   sizes  may  result   in  greater  convenience  and   increased 

\      3Jl-<3ay  eiBcicncy  of  the  plant;    for  example,  in  an  isolated  plant 

^■^^ith  which  the  author  is  familiar,  there  is  one  engine  and  dynamo 

^^  *-*^      750    lights    capacity,   and    one  of    2n0   lights,   giving  a   total 

^^  *^^**-pacity  of  1,000  lights.      During  the  day  and  late  at  night  the 

^f  ^'^aJler  engine  can  be  run  very  economically  with  the  loadj  which 

^^^ics  between  TOO  and  200  lights.     When  the  load  increases  at 

^**c   approach  of  darkness,  the  larger  engine  is  substituted  for  the 

**Ti^ler,  anil  supplies  power  far  the  500  to  700  lights  which  are 

***ed  during  the  evening.     In   this  way   each    engine  is  almost 

^^rfcctly  suited  to  its  load  for  long  periods  of  time,  the  interval 

P*5t-wcen  the  light  load  of  the  day  and  the  heavy  load  of  the  even- 

***g   being  so  short  that  the  larger  engine  has  to  run  for  only 

^    few  minutes  at  an  uneconomically  light  load ;  and  for  an  unusu- 

^*^y  large  load  both  engines  can  be  run  at  the  same  time.     In  the 

^<2sigii  of  central  stations  a  similar  judicious  selection  of  engines 
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***^y  give  excellent  results.  For  instance,  large  compound  or 
*^iplc-cxpansion  engines  may  be  operated  almost  continually  to 
^^•^^'"ry  the  permanent  portion  of  the  load  with  high  economy,  but 

I*-**"  the  maximum  load,  which  usually  lasts  only  an  hour  or  two, 
^Heaper  and  simpler  engines  may  be  used. 
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^^  plans  by  which  convenience  and   efficiency  can  be  secured. 

^^eful  adaptation  of  the  size,  number,  and  Xyp^  of  the  engines 

■^'ill  largely  overcome  the  serious  drawback  of  low  economy  in 

^^<;ctric-ligbting  plants,  which  arises  from  operating  steam-engines 

"*^th  light  loads  and  variable  loads.     In  nearly  every  case  it  would 

**  possible  to  so  select  the  engines  that  at  no  time  would  any  one 

*  tDore  of  them  be  running  below  60  or  above  Vih  ^er  cewX  c^tM 
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its  normal  load.  The  latter  limit  is  allowable,  at  least  temporarily, 
and  avoids  the  very  low  efficiency  that  results  from  running  an 
engine  at  a  small  fraction  of  its  full  powei.  This  arrangement 
m^t  not  be  possible  where  the  variations  in  load  are  ver)'  sudden, 
as  in  small  electric  railway  plants;  but  in  electric  lighting,  espe- 
cially with  large  installalions,  the  changes  are  usually  gradual 
and  almost  always  allow  lime  to  put  on  or  take  off  engines.  S 

This  scheme  would  scnx  to  accomplish  practically  the  same" 
result  as  the  use  of  storage  batteries  in  enabling  the  engines 
always  to  be  run  at  high  efficiency,  and  would  avoid  the  compU-d 
cation  of  storage  batteries  and  the  loss  of  energ)*  which  occurs  in 
charging  and  discharging  them.  In  some  cases  ihc  earning  out 
of  this  idea  might  be  difficult,  either  because  the  load  is  continu- 
ally varying  ihrnughout  the  entire  twenty-four  hours  of  (he  day, 
or  because  the  number  of  lamps  connected  to  the  station  might 
increase  so  that  a  proper  proportion  in  the  size  of  engines  in  the 
beginning  might  not  be  right  a  few  months  afte^^vards;  and 
the  conditions  would  also  change  greatly  with  the  seastjn  of  the 
year.  This,  liowuvcr,  couhl  be  foreseen  more  or  less,  and  could 
be  provided  for  in  originally  planning  or  increasing  the  capacity 
of  the  plant.  This  matter  is  treated  further  in  connection  with 
storage  batteries  in  Chapter  XXI. 

In  general  it  may  be  staled  that  in  central  stations  or  large 
isolated  plants  it  is  allowable,  and  may  be  desirable,  to  have  twofl 
sizes  of  engines.  But  more  than  this  are  objectionable.  Many 
plants  arc  in  the  unfortunate  position  of  having  installed  several 
different  sizes  and  types  of  engines  at  various  pcriocls  of  their  history,  ■ 
corresjKmding  to  the  conditions  existing  at  each  time.  In  many 
cases  this  cannot  be  helped;  but  often  a  little  foresight  will  save 
a  plant  from  becoming  a  museum,  which  represents  by  numerous 
examples  the  progress  of  steam  and  electrical  engineering. 

The  type  sfleckd  is  largely  determined  by  the  size,  small  cn^nc 
being  usually  simple,  and  larger  ones  compound.  Similarly,  small? 
engines  may  have  high  speed,  and  large  engines  should  be  of  low 
or  medium  si>eed.  If  floor  space  is  valuable  or  limited,  a  vertical 
engine  or  steam  turbine  may  be  chosen.  The  matter  of  direct 
driving,  behing,  and  other  forms  of  connection  between  engine 
and  generator  is  fully  discussed  in  Chapter  XV,  but  the  first  has 
novr  become  almost  universal. 
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^   The  proper  size,  number,  and  tj'pe  of  elcaric  generators  to 

select  is  considered  in  Chapter  XIX;    but  the  question  is  not  so 

important  as  in  the  case  of  engines,  for  the  reason  that  the  former 

can  be  nin  at  half  or  even  one-quarter  load  without  serious  impairment 

of  efficiency.     It  is  also  a  fact  that  they  can  be  started  and  stopped 

much  more  quickly  and  easily  than  a  steam-engine,  and  without 

^  loss  of  ener^'  in\-olved  in  healing  up  the  latter.    Furthermore, 

*  generator  can  be  run  free  w-ith  about  4  to  G  per  cent  of  full  power 

e^cn  when  the  field-magnet  is  excited,  and  with  about  3  per  cent 

it  the  field  is  not  excited,  whereas  the  friction  of  a  steajn-engine 

is  7  to  12  per  cent  of  its  rated  power;  hence  there  is  much  greater 

^ likelihood  of  mistake  and  loss  in  selecting  or  handling  steam-engines. 
The  relative  advantages  of  simple  and  compound,  also  con- 
■Iciiang  and  non- condensing  engines,  the  electric-light  engineer  is 
called  upon  to  determine.  Authorities  often  disagree  on  these 
luestions,  because  so  much  depends  upon  the  particular  type  and 
*■«  of  engine,  and  the  conditions  of  use  in  each  case. 

Simf^  and  compound  engines  have  already  been  compared 
i*"' a  general  way  on  page  152.  In  the  actual  selection  and  use  of 
*^  tst^nc  the  simple  or  single-cylinder  type  has  the  great  advan- 
^!c  of  simplicity.  This  is  particularly  important  in  sma41cr  sizes, 
*iid  below  alxnit  50  horse-power  it  Is  doubtful  if  the  saving  in  coal 
V  i  compound  engine  is  worth  the  increased  first  cost  and  care 
*Mch  ihe  additional  complication  involves.  When,  however,  the 
^  of  an  engine  becomes  rnnsiilerable,  it  is  a  positive  advantage 
•"  increase  the  number  of  part.s  in  order  to  reduce  the  weight  of 
**fh,  so  that  the)'  are  more  easily  handled  in  buihlingand  repairing 
^  engine.  For  vertical  engines  in  particular  it  is  evidently  belter 
■Q  appearance  and  constructinn  to  liave  two  or  more  cylinders 
*^ged  side  by  side  than  to  have  one  large  and  clumsy  cylinder. 

The  chief  merit,  however,  claimed  for  compound  engines  is 
'wr  higher  economy;  but  it  has  already  been  pointed  out  (page  154) 
'^t  it  great  desil  of  this  gain  is  due  to  the  higher  steam  pressure 
P"  ^,  and  thai  the  economy  of  a  simple  engine  is  also  considerably 
^"Mil  by  iniTeascf!  pressure.  The  principal  objection  to  the  use 
^  simple  engines  with  high  pressures,  and  therefore  high  tcmper- 
^'fns,  is  ihe  great  range  of  temperature  that  tends  to  cause  large 
■»«s  by  cylinder  condensation  (p.  152). 

-Wlhcr  advantage  o^-mu  IfJjM^  iyii»(i£T  engines  J5  the  6istT\- 
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bution  of  strains;  and  for  incandescent  lighting  the  flickering  of  ibe 
lamps  due  to  variation  in  speed  at  diflcrcnt  points  of  stroke  U 
practically  avoided  by  having  two  cranks  acting  at  90^*,  or,  better 
ycl,  three  cranks  at  120°.  These  arrangements  are  aLio  better  for 
operating  alternators  in  parallel.  Some  types  of  compound  engine, 
as,  for  example,  the  tandem-compound,  have  only  a  single  crank, 
or  the  cranks  act  at  the  same  angle,  or  at  ISO",  and  the  effect  of 
the  *'dcad  center"  is  the  same  as  in  a  single- cylinder  engine. 

Condfnsin^-engines  have  already  been  discussed  on  page  14". 
In  general  il  may  be  said  that  they  arc;  desirable,  provided  a  st;it- 
able  supply  of  condensing  water  is  available  and  reliable,  and  pro- 
vided the  size  of  the  plant  warninLs  ihe  ex|)ense  and  complicatioQ 
of  condenser,  pumps,  ronncclions,  etc.  The  condenser  has  the 
effect  of  reducing  the  back  pressure  12  to  11  lbs.  below  that  of  Ihe 
atmosphere,  which  conTs]K)ncls  to  a  vacuum  of  about  24  to  2S  inche 
of  mercury.  It  is  impurlanl,  however,  to  note  that  the  difference 
in  temperature  between  steam  at  atmospheric  pressure  (H.7  lbs- 
absolute)  and  at  a  condenser  pressure  of  1  lb.  absolute  is  212*  — 102* 
=  110°  F.;  whereas  the  ditTerence  in  lemperalure  of  steam  at  IM  ib^ 
and  1 00  lbs.  absolute  pressure  is  only  337.2°  -  327.6*= O-d**  F.,  which 
is  less  than  one-tenth  as  much.  For  higher  pressures  the  tem- 
perature difference  is  still  less  for  a  given  dif- 
ference in  pressure.  Hence  the  cflicicncy  gained 
(see  page  91)  by  reducing  the  pressure  at  th« 
lower  limit  is  far  greater  than  by  increasing 
it  at  the  upper  limit.  This  is  clearly  shown 
in  indicator  diagrams,  where,  for  example, 
the  area  included  between  the  line?  of 
10  and  20  lbs.  pressure  is  u.-^uallr 
^,.,^^  much  greater  than  between 

20— V -^»^  m  and   70   lbs.,  as 

f^Q       V -'^       represented  in  Fig- 

fil.    The  k>ssfs 

by     conduciioD 

and      radiation 

are  also  less  in 

condensing  engines  with  a  given  effective  pressure,  since  the  average 

temperature  is  nearer  thai  of  the  atmosphere.    For  steam-turbines 

the  condenser  is  particularly  important,  as  shown  on  pp.  184  and  192. 
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The  best  point  of  cut-ojj  is  almost  always  given  as  being  between 
i  and  i  of  the  stroke  for  a  simple  engine,  and  about  J  for  com- 
pound engines.  An  earlier  cut-off  is  considered  objectionable 
because  it  increases  the  ranges  of  temperature,  and  therefore  c>'lin- 
der  condensation.  The  cut  off  which  gives  the  least  steam  con- 
iumpiion  per  horse-power  may  be  raised  somewhat  in  practice 
because  the  pmwer  of  the  engine  increases  with  the  cut-off  (not 
proportionally,  however)  and  a  proper  compromise  between  nin- 
fiing  expense  and  first  cost  should  be  made.  Moreover,  engines 
iiiually  run  much  of  the  time  below  rated  power,  hence  the  aver- 
age load  woulil  correspond  more  closely  to  the  most  economical 
pMM  of  cul-ofi. 

.4  iteam-jacket  around  the  cylinder  is  often  recommended  lo 
teduce  cylinder  condensation,  but  it  is  seldom  used  in  practice. 

Superheated  steam  is  also  highly  recommended  for  the  same 
Mson;  but  it  is  not  very  commonly  employed,  owing  to  the  diffi- 
nilty  of  obtaining  it.  The  decided  improvement  in  steam-turbine 
towomy  due  to  superheating  has  led  to  its  more  frequent  use  in 
llatcase  fp.  184  and  Fig.  60a).  The  subject  of  superheated  steam 
btt  been  treated  by  C.  A.  Hutchinson  and  by  E.  H.  Foster.* 


XOONOJCY  or  BTHAJa-EKQINICB  WITH  TARTABLE  hOXBB. 

!n  electric  lighting  many  plants  are  run  for  a  large  part  of  the 
tirw  at  light  load.  The  effect  of  this  on  the  economy  of  an  engine 
is  very  detrimental;  the  result  being  that  the  coal  consumption 
ia  many  electric-light  stations,  as  well  as  small  plants,  is  about 
t»ice  as  great  as  if  the  same  total  number  of  horse-power  hours 
*tTc  developed  by  engines  running  uniformly  at  full  load.  Pro- 
ftssor  R.  C.  Carpenter  has  discussed  this  important  matter  qv:ite 
^'  in  a  paper  on  "The  \'ariarion  in  Economy  of  the  Steam- 
flipne  due  lo  Variation  in  Load."t  Hu  gives  the  jwunds  of  water 
PO  horse-power  hour  required  by  the  various  types  of  engine  with 
T^|(  J»  h  li  IJi  and  IJ  times  their  rated  capacity;  and  the  general 
fcct  is  that  the  steam  and  also  coal  consumption  per  horse-power 
Ue  30  to  50  per  cent  greater  at  }  load  than  at  the  rated  load,  and 
lift  about  Iwice  as  great  at  \  load.     It  is  claimed  that  the  best 

•  TroMj.  Amer.  Soe.  Mtik.  Eng.,  May,  1901. 

\  Tram.  Amtr.  Inst.  Efte.  Eng.,  voL  x..  May  17,  18B3. 
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engines  consume  only  70  or  80  per  cent  more  steam  per  H.P. 
\  load,  but  in  most  cases  100  per  cent  Is  nearer  the  fact.  This 
applies  to  actual  or  brake  H.P.  and  not  to  indicated  H.P.  The 
variation  in  economy  is  not  great  between  |  and  ij  times  the  rated 
load;  but  beyond  ihese  limits,  particularly  below,  the  increase  io 
steam  consumption  is  very  rapid,  and  we  should  therefore  carefully 
avoid  operating  an  engine  except  within  this  range  of  power.  It 
was  pointed  out  in  the  beginning  of  this  chapter  that  a  judicious 
selection  of  the  type,  number,  and  size  of  engines  will  usually  enabk 
each  engine,  while  in  operation,  to  be  run  within  the  economical 
limits  of  load. 

The  fricticm  of  most  steam-engines  is  between  7  and  12  per 
cent,  and  does  not  vary  greatly  for  different  loads-  The  higher 
figure  is  for  condensing  engines  and  includes,  as  it  should,  the  fric- 
tion of  the  air-pump.  Friction  is  such  a  large  factor  in  engines 
that  it  makes  a  great  difference  whether  we  consider  indicated 
power  or  developed  power.  For  example,  at  \  of  the  indicate4H 
load  the  actual  ]>ower  is  only  about  \  of  the  full  value,  and  the  cor- 
responding economy  is  extremely  low.  ^_ 

The  mistake  of  rumiing  steam-engines  underloaded  is  veij| 
common,  and  is  responsible  for  a  large  part  of  the  inefficiency  of 
electric  light  and  power  plants.  The  point  of  maximum  efficienc)* 
Is  almost  always  made  to  correspond  with  the  maximum  load,  whereas 
it  should  approximate  the  average  load,  since  the  full  load  may  only 
exist  for  a  few  minutes  each  day.  In  other  words,  the  engine  should 
develop  the  average  power  at  the  best  point  of  cut-off,  as  already 
stated  on  the  preceding  page.  Moreover  the  efficiency  is  not 
reduced  as  much  by  overload  as  by  underload.  Engines  consume 
only  5  or  10  per  cent  more  steam  per  H.P.  when  50  per  cent  over- 
loaded; but  they  require  30  to  50  per  cent  more  steam  per  H.P. 
at  halMoad.  An  engine  is  not  injured  by  overloading,  the  only 
effect  being  to  dtxrease  its  speed,  which  may  be  counteracted  by 
raising  the  steam- pressure,  or  by  rcgufating  the  dynamo.  This 
plan  would  also  save  In  first  cost,  since  the  rated  power  wxiuld  be 
four-fifths  of  the  maximum  output,  assuming  only  25  |>er  cent  o\xr- 
load  capacity.  \V'hen  designed  to  run  with  temporary  {>vcrloads 
they  are  often  called  "heavy  duty"  engines,  as  described  in  Chi 
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With  a  light  load  the  low-iircssurc  cylinder  of  a  non-condens- 
ing compound  engine  performs  little  or  no  work,  because  the  gov- 
ernor allows  only  a  small  weight  of  steam  to  be  adniittcd  to  the 
Wgh-prcssure  n'Under.    If,  for  example,  the  quantity  of  steam  is 
such  that  it  expands  to  atmospheric  pressure  in  the  first  c}*Under, 
then  the  piston  of  the  second  qlinder  must  do  work  against  the 
back  pressure  of  the  atmosphere,  and  thus  acts  as  a  drag.    Even 
with  a  header  load,  when  the  action  of  the  second  cylinder  is  not 
^pitirely  negative,  it  would  be  desirable  to  disconnect  it  in  order  to 
^(fcninate  its  friction  and  complication.    In  a  condensing-cngine, 
on  the  other  hantl,  the  back  pressure  is  largely  removed  and  the 
second  cylinder  always  performs  part  of  the  useful  work.    Hence, 
^  light  or  variable  loads,  it  may  not  be  desirable  to  employ  com- 
pwnd  engines  except  with  condensers. 
^L     Foondations  for  Steam-engines. — These  have  already  been  con- 
^odcrcd  on  page  50,  and  the  means  for  avoiding  the  transmission 
of  \Tbratinn  from  the  engines  were  there  explained. 
The  selling  of  the  engine  upon  the  foundation,  and  adjusting 
I      ^  of  the  parts  in  perfect  alignment,  sho\iId  be  carried  out  in  the 
"tost  careful   manner.    Ahnast  all  engines  of  too  horse-power  or 
are  pmvided  with  a  cast-iron  frame  or  base,  upon  which  all 
s  arc  mounted,  and  which  makes  the  engine  self-contained, 
bcilitates   the  setting  of  the  engine,  and   avoids   the  possi- 
ly  of  the  pillow-block  or  other  ]iarts  getting  out  of  Unc  by  the 
settling  of  a  portion  of  the  foundation.    In  very  lai^e  engines, 
JWicuIarly  if  horizontal,  it  is  not  (irdinarily  praclicable  to  mount 
•icni  entirely  upon  one  base;    and  one  pillow-block  or  Ijearing  is 
^"OTiDted  on  a  separate  foundation,  in  which  case  it  is  of  vital  imjjor- 
'^ficeihat  the  foundations  themselves,  and  the  ground  upon  which 
"itj'rest,  should  be  pcrfe  tly  solid,  and  free  from  danger  of  une(|ual 
**fiing.     Progress  is  in  the  direction  of  heavier  frames  and  more 
tonplete  cast-iron  bases,  or  bcd-plates.    In  larger  sizes  these  are 
""Ude  in  sections  united  by  links. 

The  practical  laying  out  and  building  of  engine  foundations  is 

'*(  carried  out  by  making  a  complete  template,  or  frame  of  wood, 

**  already  represented  in  Fig.  7*    The  builder  of  (he  engine  should 

™^Uh  a  drawing  by  which  this  template  may  be  made,  so  thai 

"tU  hold  the  various  bolts  in  exactly  the  proper  positions.  \;V\\.\e. 
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the  brickwork  is  being  built  around  them.  This  enables  the  foutt*] 
(lation  to  be  made  ready  to  receive  the  engine  as  soon  as  it  arrives»i 
thereby  avoiding  considerable  delay.  It  is  well  to  surround  eacto 
bolt  wth  an  iron  pipe  large  enough  to  allow  a  slight  play,  other- 
wise there  L';  likely  to  be  di£Bcult}'  in  introducing  the  bolts  into  tt»e 
holes  in  the  engine  base.  ^ 

Lubrication  of  Engines. — Various  kinds  of  oil  are  used  to  lub^ri- 
cate  the  bearings  or  other  moving  i>arLs  of  machinery.  Thcr^^C 
may  be  divided  primarily  into  vegetable,  animal,  and  mineral  oil-Jt 
but  only  the  two  latter  arc  suitable  for  the  puqwse.  The  intr""^** 
duction  of  mineral  oil  is  comparatively  recent,  sperra,  lard,  or  soit** 
other  form  of  animal  oil  having  been  used  exclusively  as  lubir»i- 
cants,  and  even  at  the  present  time  many  engineers  prefer  ihe^m; 
but  improvements  in  the  manufacture  of  mineral  oil,  and  its  mc^^rc 
extended  use,  have  resulted  in  its  being  acknowledged  lo  be  ^ 
good  as,  or  even  better  than,  animal  oil  for  machinery-.  Amirr^ial 
as  well  as  vegetable  oil  Is  Hkcly  to  be  decomposed,  with  the  fcn^r- 
malion  of  some  organic  acid.  This  change  is  what  is  commor~'^y 
known  as  becoming  rancid.  The  acid  thus  formed  will  com^  ^^ 
iron  or  other  metal,  which  would  be  extremely  objectionable  in  l^  -i* 
case  of  a  shaft  or  bearing.  Mineral  oil,  on  the  contrary,  docs  r:^*** 
form  acid  or  any  other  deleterious  substance,  and  for  that  reas--^^ 
is  preferable  to  animal  oil.  It  is  usually  much  cheaper  than  aninr^*^ 
oil  of  equivalent  quality,  and  can  be  obtained  of  any  desired  viscosi*-)'* 

The  qualily  of  oil  is  of  the  highest  importance,  and  nothing  ^ 
more  foolish  than  to  attempt  excessive  economy  in  this  direclic:^^* 
The  high  cost  of  machinerj',  and  the  great  importance  of  ha^-i-*^ 
it  run  as  perfectly  as  possible,  demand  that  only  first-class  ^=^" 
should  be  used  upon  it.  This  is  particularly  true  of  cylinder  c^  *** 
which  is  used  to  lubriiate  the  valves,  interior  of  cylinder,  pisit^'^' 
and  piston-rods,  which  are  the  most  delicate  parts  of  an  engirt^-^ 
Engines  may  be  lubricated  by  means  of  a  number  of  oil-cups  plac^^^ 
where  required.  These  usually  have  a  sight-feed  that  is,  l^^^ 
drops  of  oil  which  they  supply  can  be  seen  and  counted  so  ll».  -^  * 
Ihcy  can  be  adjusted  by  a  screw  or  other  device  to  the  proper  ra*^^' 
Parts  in  motion  are  lubricated  either  by  oil-cups  placed  upon  thi^*^ 
which  are  filled  before  starting,  or  by  some  form  of  "wiper'*  whi*^^^^ 
scrapes  oS  a  certain  amount  of  oil  from  a  piece  of  fell  or  wickiv^^'^ 
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of  this  plant  for  5  to  50  H.P.  operates  by  suction,  the  flow  of  gas 
being  produced  by  the  engine  which  draws  in  its  supply.  A 
blower  worked  by  hand  is  used  in  starting,  but  a  holder  is  not 

^-required,  the  gas  being  used  as  fnst  as  it  is  generated. 

^p  Producer-gas  consists  of  nitrogen,  carbon  monoxide,  hydrogen, 
and  small  quantities  of  carbon  dioxide  and  hydrocarbons.  The 
reaction  may  be  represented  theoretically  as  follows: 

K  3C  +  H,0  +  O,  4-  4N,  =  3CO  +  H,  -j-  4N,. 

Practically  2  to  5  per  cent  of  carbon  dioxide  is  formed,  hence 

the  proportion  of  carbon  monoxide  is  somewhat  less  and  that  of 

*  nitrogen  more  than  tlie  equation  indicates.      Either  anthracite  or 

bituminous  coal  may  be  gasified  in  a  producer,  the  latter  giving 

BSie  richer  gas.  but  analyses  do  not  show  much  difference  in  com- 

^kosition,  because  the  heavy  hydrocarbons  are  condensed  before 

^tfie  analysis,  but  not  in  actual  use. 

One  pound  of  anthracite  (S5  per  cent  carbon,  5  hydrocarbon, 
and  10  ash)  makes  80  to  90  cu.  ft.  of  producer -gas  retaining  about 
SO  per  cent  of  the  original  energy  in  the  fuel  and  having  the  com- 

rsition  and  heating  power  given  in  the  table  on  page  212. 
Btast-Furnace  Gas. — In  order  to  maintain  the  reducing  action 
in  a  blast-furnace  les.s  than  one-third  of  the  carbon  can  be  allowed 
to  become  carbon  dioxide,  hence  the  discharged  gas  consists 
largely  of  carbon  monoxide  and  is  capable  of  giving  90  to  11.5 
B.T.U.  per  cu.  ft.  In  the  production  of  a  ton  of  pig  iron  about 
KiO.O(X)  cu.  ft.  of  this  gas  arc  given  o(T  and  80  to  120  cu.  ft.  are 
required  by  a  gaa-cnginc  per  H.P. -hour.  An  ordinary  furnace 
yields  about  7  tons  of  pig  iron  per  hour,  hence  tlic  gas  from  it 
would  give  7  X.  130,000  -f-  100  =  0100  H.P.  as  a  by-product. 

kFrom  10  to  25  per  cent  of  the  gas  is  used  for  heating  the  blast, 
caving  7000  to  8000  H.P.,  of  which  30  to  40  per  cent  is  needed  in 
the  blowing-engines.  Hence  4000  to  .5(X)0  H.P.  is  available  for 
other  purposes  from  each  furnace  in  operation.  The  usual  com- 
position of  blast-furnace  gas  (by  volumcj  is  :  carbon  monoxide  24 
to  30  per  cent,  carbon  dioxide  9  to  12  per  cent,  nitrogen  58  to  GO 
rrccnt,  hydrogen  and  hydrocarbons  3  to  5  per  cent. 
For  the  other  gases  the  following  figures  may  be  taken: 
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CHAPTER    XIII. 

OAS.  AND   OIL-ENOIKBS. 

The  advantages  of  the  gas -engine  ov^r  tlie  steam -engine  are: — 
Cleanliness  and  freedom  from  drip,  ashes,  smoke,  and   others 

objectionable  accompaniments  of  tlic  steam-engine. 
The  boiler  and  the  danger  of  boiler  explosion  are  eliminated. 
Higher  efficiency  at  all  loads  and  probability  of  much  higher 

efficiency. 
Gas  can  be  carried  long  distances  economically,  while  with 

steam  losses  by  condensation  are  large  even  at  short  dis 

tanccs. 
Much   more  energy  can  be  stored  in  gas  than  in  the   sam 

volume  of  steam  and  without  any  loss. 
Gas-engines  may  be  started  without  waiting  to  make  a  fir 

and  get  up  steam. 
There  is  much  less   loss   of  energy  in  starting  and  stopping 

gas-engines,  and  there  is  no  waste  during  the  time  that 

they  are  idle. 
They  may  be  run  on  waste  gases,  as  in  the  case  of  blast 

furnace  plants. 
TAe  disadvantages  of  gas-engine  s  are: — 
They  require  some  auxiliary  means  of  starting. 
They  may  stop  if  overloaded,  and  have  to  be  started  again  ^ 

as  in  No.  I.  ^ 

The  cylinder  in  most  cases  must  be  water-jacketed  to  pre- 
vent its  walls  from  becoming  too  highly  heated. 
Many  gas-engines,  especially  for  moderate  power,  being  sin- 
gle-acting or  half  single-acting,  are  more  bulky  than  the 

corresponding  steam-engines. 
Single-acting  or  half  single-acting  engines  require  heavier  fly. 

wheels  to  secure  steadiness  of  motion. 
The  speed  governing  of  gas-engines  is  not  yet  perfected  ta 

tlic  same  degree  as  that  of  steam-engines. 
Toss\h\c  diHicuUics  with  the  igmt\oi\  svsttva. 
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-engines  arc  practically  all  of  the  explosive  t>'pe;  tliat  is, 
mixture  of  combustible  gas  and  air  is  introduced  into  tlic  cylin- 
I  d.er,  and  there  ignited  by  an  electric  spark,  an  incandescent  body, 
^V*  by  high  temperature  due  to  compression.  The  high  pressure 
^resulting  from  the  explosion  acts  upon  the  piston  in, the  cylinder, 
^^Jid  causes  it  to  move  and  do  work. 

^B  The  series  of  actions  performed  upon  and  by  the  gas  is  called 
a  cycU,  the  various  kinds  of  cycles  that  miglit  be  employed  being 
numerous.  Of  these  the  most  prominent  is  the  Otto  or  Beau  dc 
I  Rochas  cycle,  in  which  the  operations  arc  as  folluws  : — 
^B  A  mixture  of  gas  and  air  in  the  proper  proportion  is  drawn 
^»nto  the  cylinder  by  a  stroke  in  one  direction.  On  the  return 
stroke  the  mixture  is  compressed.  It  is  tlien  ignited  at  the  begin- 
ning of  the  next  forward  stroke,  during  which  it  exerts  a  much 
higher  pressure  upon  tlic  piston ;  and  on  the  ne.xt  back  stroke  the 
products  of  combustion  are  expelled  from  the  cylinder  :  thus  the 
cycle  comprises  four  separate  actions;  and  four  single  strokes,  or 
o  complete  revolutions,  arc  required  for  each  explosion  or 
tive  stroke.  Strictly  speaking,  therefore,  such  an  engine  is  half 
glc-acting,  and  a  heavy  fly-wheel  is  necessary  to  keep  up  the 

during  tlie  interval  between  the  working-strokes. 
This  is  commonly  known  as  the  "  four-cycle  "  method,  but  is 
J^orc  properly  a  cycle  consisting  of  four  operations,  sometimes 
_*^*Ucd  phases,  each  of  which  occupies  one  stroke. 

In  the  "two-cycle"  method  the  exhaust  is  effected  by  the 

iston  uncovering  a  port  near  tlic  end  of  its  stroke,  so  that  the 

«ducts   of  combustion   rush   out.  they  being  at    this  moment 

^tjouLlC)  lbs.  above  atmospheric  pressure.     At  the  same  time  a 

'^*2w  charge  of  gas  and  air  is  forced  into  the  working  cylinder 

*^*^dcr  5  or  10  lbs.  pressure  produced  in  other  cylinders,  as  in  the 

^^^^^rting  engine,  or  by  enclosing  the    crank  chamber,  as  in  the 

^V'*^  ietz  and  Weiss  engine.     The  return  stroke  of  the  piston  com- 

'     ■■••■^scs  this  charge,  which  is  exploded  at  tlie  beginning  of  the 

^*xt  stroke,  and  pjcrforms  its  work.    Thus  each  alternate  stroke  is 

^    working-stroke,  and  tlierefore  the  action  is  equivalent  to  that 

^*hich  occurs  at  one  end  of  a  steam-cylinder.    "  Two-cycle"  gas- 

^Igines  are  often  made  double-acting,  that  is,  the    operations 

^escribed  take  place  on  both  sides  of  the  piston,  hence  wotk.  vs. 

S*trIormed  at  every  stroke,  tl)e  same  as  in  the  ord'mary  dou\>\c- 
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The  two  kinds  of  gas  may  be  used  separately  or  mixed.     I : 
passing  downward  through  the  highly  heated  fuel  the  gas  is  free- 


from  tar.     The  hot  gas  from  the  producers  is  carried  through  a 
vertical  boiler  which  supplies  the  steam  required.     A  modification 
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The  ignition  of  the  gas  is  usually  effected  by  an  electric  spark; 
an  incandescent  tube;  or  by  the  heat  due  to  compression.  The 
first  is  produced  either  by  separating  two  contact  points  and 
breaking  an  electric  circuit,  or  by  applying  a  high  potential  and 
forcing  a  spark  across  a  fixed  gap.  The  electric  spark  may  fail 
o^ving  to  corrosion  or  dirt  on  the  contact  points.  The  second 
<ie\icc  consists  of  a  tube  of  nickel  steel  or  porcelain,  which  con- 
nects with  the  cylinder,  and  is  kept  red-hot  by  a  liunscn  burner. 
These  tubes  may  last  two  or  three  years,  but  in  some  instances 
they  burn  out  rather  rapidly.  Ignition  in  several  types  of  gas- 
engine  is  produced  by  carr>'ing  the  compression  high  enough. 
The  chief  difficulty*  with  hot-tube  methods  is  to  cause  the  gas  to 
ignite  at  the  proper  point  in  the  stroke.  Evidently  the  electric- 
spark  device  is  unlimited  In  its  possible  adjustment. 

Kinds  of  gas  employed  fur  the  production  of  power  are  natural 
S^s,  coal-gas.  water-gas,  producer-gas,  and  furnace-gas. 

Natural  gas  is  obtained  in  certain  regions  by  sinking  wells. 
Its  composition  differs  greatly  according  to  locality',  but  it  is 
almost  always  rich  in  hydrocarbons  and  of  high  heating  power, 
producing  about  900  or  1000  heat  units  (pound-I'ahr.)  per  cubic 
foot. 
■  Coal-gas  is  made  by  the  destructive  distillation  of  bituminous 
Coal,  being  the  same  as  that  originally  and  still  used  for  illumi- 
Qation.  Next  to  natural  gas  it  possesses  the  greatest  heating 
^^ue,  giving  about  700  heat  units  per  cubic  foot.  Coke,  coal- 
*ar,  and  ammonical  liquor  are  obtained  as  by-prodncts. 

Wattr-gas  is  produced  by  the  action  of  steam  upon  carbon- 
aceous material  at  a  high  temperature.  Anthracite  or  bituminous 
Coal,  coke,  charcoal,  or  wood  introduced  into  chambers  is  ignited 
and  raised  to  incandescence  by  blowing  air  through  it,  the  air 
'*cing  then  shut  off  and  steam  forced  through  the  mass.  At  or 
*bove  a  red  heat  the  carbon  of  the  fuel  decomposes  steam,  pro- 
ducing Jiydrogen  and  carbon  monoxide,  the  reaction  being 
^  -(-  HjO  =  H,  -|-  CO.  Theoretically  the  resulting  gas  would 
Consist  simply  of  equal  volumes  of  hydrogen  and  carbon  mon- 
**xidc,  but  practically  small  quantities  of  marsh-gas,  carbon 
^'oxide,  nitrogen,  and  water  vapor  are  also  present,  amounting  to 
*l>out  10  per  cent.  The  flow  of  air  and  the  flow  of  steam  are 
alternately  maintained,  tlie  former  raising  the  tempetatMtft  mv^ 
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The  two  kinds  of  gas  may  be  used  separately  or  mixed.      In 
passing  downward  through  the  highly  heated  fuel  the  gas  is  freed 
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from  tar.     The  hot  gas  from  the  producers  is  carried  through  a 
vertical  boiler  which  supplies  the  steam  required.      A  modification 


water-gas  that  is  carried   to  another  holder,  these   operations 
being-  performed  alternately  in   periods  of  about  five  mvwviX**. 
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o^  tHis  plant  for  5  to  50  H.P.  operates  by  suction,  the  flow  of  gas 
^ing  produced  by  the  engine  which  draws  in  its  supply.     A 
blower  worked  by  hand  is  used  in  starting,  but  a  holder  is  not 
^^cjuired,  the  gas  being  used  as  fast  as  it  is  generated. 

Producer-gas  consists  of  nitrogen,  carbon  monoxide,  hydrogen, 
^nd  small  quantities  of  carbon  dioxide  and  hydrocarbons.  The 
■^action  may  be  represented  theoretically  as  follows : 

3C  +  H,0  +  O,  +  4N3  =  3CO  -f-  H,  +  4Nr 

'^■"actically  2  to  5  per  cent  of  carbon  dioxide  is  formed,  hence 
^e  proportion  of  carbon  monoxide  is  somewhat  less  and  that  of 
"^^tiFogen  more  than  the  equation  indicates.  Either  anthracite  or 
bituminous  coal  may  be  gasified  in  a  producer,  the  latter  giving 
the  richer  gas,  but  analyses  do  not  show  much  difference  in  com- 
position, because  the  heavy  hydrocarbons  are  condensed  before 
the  analysis,  but  not  in  actual  use. 

One  pound  of  anthracite  (85  per  cent  carbon,  5  hydrocarbon, 
^rid  10  ash)  makes  80  to  90  cu.  ft.  of  producer-gas  retaining  about 
So  per  cent  of  the  original  energy  in  the  fuel  and  having  the  com- 
position and  heating  power  given  in  the  table  on  page  212. 

Blast-Furnace  Gas. — In  order  to  maintain  the  reducing  action 
in  a  blast-furnace  less  than  one-third  of  the  carbon  can  be  allowed 
to  become  carbon  dioxide,  hence  the  discharged  gas  consists 
largely  of  carbon  monoxide  and  is  capable  of  giving  90  to  115 
"■T.U.  per  cu.  ft.  In  the  production  of  a  ton  of  pig  iron  about 
'30,000  cu.  ft.  of  this  gas  are  given  off"  and  80  to  120  cu.  ft.  are 
•"^cjuired  by  a  gas-engine  per  H.P. -hour.  An  ordinary  furnace 
yields  about  7  tons  of  pig  iron  per  hour,  hence  the  gas  from  it 
*'oi]ld  give  7  X.  130,000  -h  100  =  9100  H.P.  as  a  by-product. 

From  10  to  25  per  cent  of  the  gas  is  used  for  heating  the  blast, 
'having  7000  to  8000  H.P.,  of  which  30  to  40  per  cent  is  needed  in 
**^^  blowing-engines.  Hence  4000  to  5000  H.P.  is  available  for 
"^^^her  purposes  from  each  furnace  in  operation.  The  usual  com- 
P'^sition  of  blast-furnace  gas  (by  volume)  is  :  carbon  monoxide  24 
^  30  per  cent,  carbon  dioxide  9  to  12  per  cent,  nitrogen  58  to  60 
P^r  cent,  hydrogen  and  hydrocarbons  3  to  S  per  cent. 

For  the  other  gases  the  following  figures  may  be  taken : 


65-6 
t40|000 


65.9 
160,000' 


Oil-Engines. — An  internal-combustion  engine  using  kerosene 
oil  differs  from  the  gas-engine  proper  only  in  having  a  device  by 
which  the  liquid  fuel  is  vaporized.  In  the  case  of  a  volatile  liquid 
a  true  vapor  will  be  formed  by  passing  air  through  it  or  merely 
over  its  surface.  In  order  to  use  a  liquid  not  readily  volatile, 
heat  must  be  applied  to  produce  vaporization.  If  the  vaporizer 
is  too  hot,  the  fuel  will  be  carbonized;  if  too  cold,  it  will  not 
vaporize;  and  for  any  one  liquid  fuel  the  range  is  ver}^ small.        | 

Overcoming  Unsteadiness  of  Gas-  and  Oil-Engines.  —  Some 
types  of  gas-engines,  especially  those  of  small  size  and  the  half 
single-acting  forms,  are  likely  to  be  unsteady  in  speed.  In  in* 
candescent  lighting  this  is  very  objectionable,  and  some  me: 
should  be  employed  to  overcome  the  difficulty  in  such  cases. 
storage-battery  connected  in  parallel  witli  the  generator  may 
used^  or  the  engine  may  be  run  part  of  the  time  to  charge  the 
battery  from  which  the  lamps  are  fed.  These  applications  of  tlie 
storage-battery  arc  discussed  in  Chapter  XXI.  _ 

A  heavy  fly-whccl  on  the  gas-engine  shaft  tends  to  prevenCl 
variation  in  speed  due  to  intermittent  action,  and  is  still  more 
effectual  if  a  fly-whccl  is  also  applied  to  the  generator-shaft,  pro- 
vided a  spring  or  other  elastic  connection  is  interposed  betwi 
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the  engine-shaft  and  the  fly-wheel  on  the  generator,  to  take  up 
the  \-ariations  in  speed  (Fig.  75).    It  is  often  found  in  practice  that 
the  ordinary  belt-connection  is  sufficient  to  prevent  the  variation 
froiQ  being  transmitted  to  the  dynamo  shaft,  provided  the  latter 
cvries  a  fly-wheel  also.     The  fly-whcc!  may  consist  simply  of  a 
l>«vy  flange  cast  on  one  side  of  the  pulley.      It  is  desirable  in  this 
tasc  to  have  the  belt,  which  may  be  an  ordinary  leather  one,  a  little 
longer  and  slightly  more  slack  than  usual,  in  order  that  its  elas- 
ticity an3  variation  in  sag  may  be  suflficient  to  take  up  the  im- 
pulses.    Modern  gas-engines  run  much  more  steadily  than  the 
*afly  forms,  so  that  trouble  in  this  respect  is  less  common,  and  in 
'*iany  cases  they  arc  directly  connected  to  generators  like  steam- 
*»»gines. 

The  Otto  Gas-£ngine  was  brought  out  by  Dr.  N.  A.  Otto  in 
■^S67.  The  original  form  was  the  Otto-Langen  engine*  which 
"^^ss  very  noisy,  the  piston  being  thrown  upward  with  considerable 
violence  by  the  explosion  of  the  gas;  and  it  was  superseded  by 
^e  •'  Otto  silent  gas-engine."  This  type  is  manufactured  by  the 
^asmotoren-Fabrik  Dcutz,  at  Deutz  near  Cologne,  where  It 
Originated;  and  in  this  country  at  Philadelphia. 


ftf.  84,     CraaMUf  Oat-ftigfiig. 


The  action  of  these  engines  as  well  as  that  of  other  t>'pcs 

'operating  on  the  Otto  cycle,  such  as  the  Crossley,  Westinghouse, 

and  Nash  engines,  is  similar  for  all  and  will  be  desctibd  \n  coxv- 

ncction  with  Fig.  66. 
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The  CroBsIey  Gas-Engine  is  the  Otto  type  as  manufactured 
in  Kngland  by  Crossley  Brothers  and  in  tlxis  country  in  connec- 
tion with  tlie  Loomis-Pettibonc  gas  apparatus  already  described. 
In  the  latter  case  they  are  being  built  in  sizes  from  50  to  1401) 
H.P.,  of  the  single-,  double-,  and  four-cylinder  forms.  A  double- 
cylinder  Amcrican-Crosslcy  engine  of  650  brake  H.P.,  illustrated 
in  Fig.  64,  is  designed  for  driving  an  electric  generator  which  is 
connected  directly  on  the  end  of  the  shaft  shown  in  front.  The 
single-cylinder  and  double-cylinder  engines  are  guarantcciE  to 
regulate  satisfactorily  when  driving  direct-current  generators  or 
25-cyclc  alternators  in  parallel,  and  the  four-cylinder  type  for 
60-cyclc  alternators  in  parallel. 

The  Westinghouse  Gas-£ngine  is  built  in  two-cylinder  and 
three-cylinder  types,  the  former  from  10  to  85  H.P.  and  the  lattcf 
from  35  H.P.  up.  A  vertical  section  through  one  cylinder  of  the 
three-cylinder  form  is  shown  in  Fig.  65,  all  three  being  exactly 
alike.  There  is  a  four-cycle  operation  in  each  cylinder  which  U 
therefore  half  single-acting,  so  tl\at  a  working  stroke  occurs  in 
every  revolution  with  two  cylinders,  and  for  each  two-thirds  of  a 
revolution  with  three  cylinders. 

A  shaft  A  carries  the  exhaust-valve  cams  and  is  driven  by 
gearing  from  the  main  shaft  at  one-half  tlie  speed  of  the  latter. 
The  e.\haust-cam  of  each  cylinder  works  against  a  roller  at  the 
end  of  the  guide-lever  G.     A  long  stem  //  projects  downward 
from  the  exhaust-valve  E  and  rests  on  the  end  of  the  lever  C, 
the  valve  being  held  to  its  seat  by  the  helical  spring  as  shown. 
The  shaft   A   carries  another  cam   for  each  cylinder,  engaging 
with  a  roller  on  the  lever  B  acting  through  a  vertical  stem  O  on 
the  lever  Cthat  actuates  the  inlet-valve  J^  also  closed  by  a  spring. 
There  is  also  an  ignition  mechanism  which,  at  the  proper  instant. 
breaks  an  electric  circuit,  producing  a  spark  at  the  terminals  of 
the  igniter.      The  upper  portions  of  the  cylinders  are  watcrV 
jacketed,  as  indicated  at  PR.     The  gas  and  air  enter  the  mix- 
ing valve-chamber  by  separate  inlets,  the  proportionate  amounts 
being  adjustable,  and  the   mixture   passes  through  a  distribut- 
ing chamber  to  the  port  and   inlet-valve  J.       In   the   position 
indicated  the  piston  is  on  its  downward  stroke,  the  charge  being 
previously  Ignited  at  maximum   compression.      At  the  end  of 
this  working  stroke  the  exhaust-valve  F  "rwnis  and  the  spent 


;  it  b  compressed  on  the  upward  stroke,  aSVct  w'VvXcV 
cd,  and  so  oo. 
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The  governor  of  the  Westinghouse  gas-engine  is  of  the  H  y- 
ball  type  and  controls  the  areas  of  the  ports  through  which  t:  Bi< 
gas  and  air  are  admitted  to  the  mixing-chamber.  This  variati  or 
of  the  gas-port  area  is  effected  by  a  cylindrical  valve  or  sh  ^I 
turned  by  a  hand-lever  so  as  to  uncover  more  or  less  len^-th 
of  port,  A  separate  lever  similarly  controls  the  air-port.  tl"»  u- 
enabling  any  desired  proportion  of  gas  and  air  to  be  fixed.  T  lie 
governor  merely  alters  the  quantity  of  the  charge,  but  not  c  lie 
quality  of  the  mixture.      Each  of  the  two  hand-levers  carries-      a 
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pointer  moving  over  a  fi.\ed  scale,  so  that  they  can  be  set  or 
reset  accurately. 

WestinRhouse  gas-engines  are  started  witli  compressed  air 
supplied  by  a  small  compressor  that  may  be  operated  by  hand  if 
necessary,  but  is  ordinarily  bclt-drivcn  a  fc-iv  minutes  a  day  to 
charge  a  storage-tnnk.  One  cylinder  is  (cmporarily  converted 
into-a  compressed-air  engine  by  altering  tlic  action  of  the  valves, 
and  after  three  or  four  nn-olulions  the  gas  and  air  are  drawn  into 
and  exploded  in  the  otlicr  cylinder  or  cylinders;  the  compresse 
air  is  then  shut  off  and  the  engine  rtm«!  normally. 


m 


I 


The  Nash  Gas-Engfne  is  an  American  HesiRn  and  employs  t\vo  or 
Wore  vertical  cylinHcrR  each  opernting  upon  the  Ouo  cycle.     TVt 
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admission-,  gas-,  and  exhaust- valves  arc  all  of  the  poppet 
and  are  operated  through  a  cam-shaft  and  lever.  Fig.  G7  shows 
a  section  through  one  of  the  engine  cylinders  and  its  valve  equip* 
mcnt,  each  cylinder  being  similarly  arranged.  A  is  the  cam 
shaft,  B  the  admission-valve,  and  C  the  lever  connected  to  the 
valvc-stcm.  The  valve  action  is  as  follows  :  If  the  machine  is 
running  at  its  rated  speed,  the  admission -valve  is  lifted  e^'ery 
fourth  stroke,  and  as  it  rises  its  stem  engages  with  a  pawl  on  tlic 
stem  of  the  gas-supply  valve  D,  and  lifts  it,  thus  allowing  gas 
to  pass  to  the  mixing -chamber,  from  which  it  enters  the  woric- 
ing  cylinder  through  the  opening  of  the  ad  mission -valve,  If 
the  engine  tends  to  speed  up,  the  fly-ball  governor  E  shifts  the 
pawl,  and  the  gas-valve  is  not  lifted;  thus  only  air  is  snpplictl  to 
the  working  cylinder,  and  an  explosion  is  missed,  this  action 
continuing  until  normal'speed  is  again  reached.  The  method  of 
ignition  employed  may  be  either  the  hot  tube  or  the  electric  spark 
as  desired.  The  exhaust  is  at  F,  the  air-supply  at  M,  anti  the 
gas-supply  through  G. 

The  Korting  Gas-Engine  is  of  the  two-cycle  type  and  secures 
the  proportioning  of  air  and  gas  by  drawing  these  constituents 
into  two  separate  cylinders  whose  volumes  have  the  desired  ratio-    1 
The  pistons  of  this  pair  of  cylinders  are  on  the  same  rod  and  act 
to  displace  definite  quantities  of  air  and  gas  into  the  working  cyl- 
inder.    Hence  the  latter  is  not  required  to  draw  in  the  charge 
and  is  able  to  produce  an  impulse  at  each  revolution,  the  otheC 
stroke  being  devoted  to  compression.     Two  such  working  cylin' 
dcrs   are  thus  equivalent  to  the  ordinary  double-acting  steam  ^ 
cylinder.     Governing  is  effected   by  varying    the   time   during 
which  the  working  cylinder  is  open  to  the   supply  cylinder** 
thereby  changing  the  amount  but   not  the  composition  of  ih^ 
cliarge.     In  the  Lackawanna  Steel  Company's  Plant  at  Buffalo - 
N.  Y.,  there  are  eight  Korting  gas  engines  of  1000  H.P.  eaclm  ♦ 
and  sixteen  more  of  2000  H.P.  each  are  being  installed.     Fiv^ 
of  these  are  directly  connected  to  500  K.W.,  three-phase.  2dH 
cycle,  4-U)-volt,  General  Electric  alternators,  and  the  other  rfinr^ 
to   .")O0-K.W.,  250-voIt.  direct-current  generators.     The  powc* 
vlindcrs  of  these  engines  are  2-1}  inches  in  diameter  with  a  strolc^ 
'43i  inches,  developing  1000  H.P.  at  100  r.p.m.  fl 

tfietz   and  Weias  Gaa-  &tv4  Kerosene-Engines. — This  engines 
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being  of  the  two-cycle  type,  has  its  cranic-chamber  enclosed  and 
the  air-supply  is  moderately  compressed  in  this  space  during  the 
working  stroke.  An  eccentric  on  the  main  shaft  operates  a  small 
plunger  by  means  of  which  the  oil  is  injected  into  the  cylinder. 
This  oil  is  delivered  upon  a  conical  vaporizer  preheated  by  a  lamp 
in  starting,  but  kept  hot  by  the  combustion  after  the  engine  is 
running.  The  air-charge  is  received  from  the  crank-chamber 
through  a  port  opened  at  the  end  of  the  impulse-stroke,  after  the 
exhaust-port  has  been  opened,  through  which  latter  the  spent 
gases  escape.  A  deflector  directs  the  incoming  charge  toward 
the  head  of  tlie  cylinder  and  away  from  the  exhaust-ports.  A 
valve  limits  the  amount  of  oil  injected,  and  the  speed  is  automat- 
ically governed  by  varying  the  length  of  the  stroke  of  the  oil- 
pump.  This  engine  may  be  converted  into  a  gas-engine  by 
omitting  the  oil  system,  and  providing  a  small  auxiliary  cylinder 
in  which  the  gas  is  compressed  to  the  same  extent  as  the  air,  so 
that  both  are  forced  into  the  working  cylinder  and  the  spent 
gases  expelled. 
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CHAPTER   XIV. 

WATER-WHEELS   AND   WINDMILLS. 

Water-wheels  of  various  forms  are,  next  to  the  steanvi 
engine,  the  most  important  prime  movers  for  driving  dynamos. 
The  advantage  of  water-power  is  its  cheapness  ;  but  it  has  ihe 
disadvantages  of  being  rather  difficult  to  regulate  perfectly  and 
maintain  a  constant  speed  with  a  variable  load,  and  it  is  usually 
ver)'  unreliable,  being  scanty,  or  failing  entirely,  during  the  sum- 
mer, and  being  lial)le  lo  great  trouble  from  ice  and  floods  during 
the  winter  and  spring.  The  enormous  water-power  at  Niagara, 
which  is  practically  constant  throughout  the  year,  is  absolutely 
without  a  parallel ;  and  in  practically  all  other  places  consider- 
able trouble  is  catisctl  by  excess  t>r  deficiency  of  supply  at  differ- 
ent seasons.  For  these  reasons  the  cheapness  of  water-power  is 
sometimes  more  apparent  than  real,  and  from  the  inevitable  laws 
of  demand  and  sti]?iily  its  cost  becomes  nearly  equal  to  that  of 
steam-power  when  everything  is  considered.  For  example,  it  is 
often  necessary  to  have  an  auxiliary  steam-plant  in  case  of  fail- 
ure of  water-supply  or  break-down  of  the  plant ;  hence  the  interest, 
depreciation,  etc.,  upon  tins  sleam-plaiil  should  be  included  in  the 
total  cost  of  the  water-power.  When,  however,  a  reliable  water- 
power  can  be  obtained,  it  usually  enables  dcctric  current  to  be 
generated  more  cheaply  than  by  steam-power ;  and  there  are 
many  places  in  this  country  and  abroad  where  this  is  very  suc- 
cessfully accomplishetl.  In  fact,  the  practice  seems  to  be  almost 
universal  to  utilize,  wherever  available,  a  water-power  for  gener- 
ating electricity  for  Hghtuig  or  jMnver  purposes,  even  if  the  cur- 
rent has  to  be  transmitted  many  miles. 

Types  of  water-wheel  lormerly  used  were  undershot,  o\*cr- 
shot,  and  breast  wheels,  but  turbines  and  tangential  or  jet  wheels^ 
are  the  forms  now  generally  adopted  because  of  their  greater  cfB-l 
cicncy  and  compactness. 

Turbines  are  very  extensive]'  '  driving  electric  gen- 


A 


A 


* 


* 


» 


WATEU'WI/EELS  AND    Wm DM  ILLS, 


orators,  and  possess  the  advantages  of  high  efficiency, — being  80 
to  So  per  cent, — economy  in  space  occupied,  and  close  agrce- 
■^Tient  in  speed  with  that  of  the  generator,  so  that  the  two  can  be 
■•directly  coupled  or  easily  connected  by  belting  or  gearing.  They 
xnay  be  arranged  to  revolve  cither  upon  a  vertical  or  horizontal 
^kxis;  and  there  are  also  three  types,  depending  upon  the  direction 
in  which  the  water  flows  through  the  wheel.  These  arc  :  par- 
t^lUl-Jicw  turbines,  in  which  the  motion  of  the  water  is  approxi- 
Tnately  parallel  to  the  axis  of  rotation;  ontivard-fi<nv  turbines,  in 
"which  the  water  is  supplied  at  the  center,  and  is  discharged  in 
crurrents  radiating  from  it ;  and  inzvard-fiinv  turbines,  in  which 
the  water  enters  at  the  periphery,  and  is  discharged  from  the  cen- 
ter. Turbines  diflcr  from  other  forms  of  water-wheel  in  the  fact 
that  all  the  buckets  or  blades  are  acted  upon  by  the  water  at  the 
same  time,  instead  of  only  a  portion  of  them,  the  action  being 
equal  and  continuous  on  all  sides.  This  t^nds  to  reduce  the 
strains  and  friction,  particularly  with  outward-  and  inward-flow 
turbines  in  which  the  pressures  are  almost  entirely  balanced  in  all 
directions.  In  the  case  of  parallel-flow  wheels  the  upward  thrust 
can  be  made  to  relieve  the  weight,  or  two  turbines  may  be  com- 
bined so  that  their  thrusts  counteract  each  other. 

The  reason  for  the  high  eflficiency  of  the  turbine  is  the  fact 
that  the  water  after  passing  through  the  wheel  leaves  it  with  a 
small  velocity;  or,  in  other  words, 
filmost  all  of  its  energy  is  taken 
out.    In  this  respect  it  is  similar  to 
tHc    steam-turbine    (Chap.   XII), 
t>ut  the   action  is  much  simpler 
because  no  expansion  or  thermal 
changes    need     be     considered. 
t-et  BB    in  Fig.  flS  represent  a 
portion  of  the  fixed  guide-blades 
or  a    parallel-flow    turbine    into  '^'^ "«    ,...^.p.*  o,  m  t^rtn^t. 

■which  the  water  enters  from  above,  as  indicated  by  the  arrow  A, 
*nd  strikes  against  the  buckets  of  the  wheel  CC^  causing  it  to  re- 
volve in  the  direction  EF.  The  water  is  deflected  by  the  curved 
^^ades  of  CC,  until  it  flows  out  of  the  wheel  in  the  direction  DE. 
"  tbe  forward  velocity  of  the  wheel  is  EF,  and  the  backward 
Velocity  of  the  water  relative  to  tlic  wheel  is  Z>£,  t\\ei\  \t\a  OitVvi- 
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crcci  with  an  absolute  velocity  /?/%  about  one-fifth  of  its  origir 
velocity  when  entering  the  wheel;  thus  nearly  all  of  the  ener 
is  taken  from  the  water  and  utilized  to  drive  the  turbine.      If  t 
wheel  were  designed  to  make  the  angle  /?£"/^  smaller,  the  veloc 
DF  would  be  still  further  diminished;  but  a  certain  velocity 
practically  required  in  order  that  the  water  may  be  delivered  ^ 
flow  away.      AH  other  forms  of  turbine  operate  on  the  same  pr 
ciple;  in  the    outward-flow   wheel,    for    example,    the    water 
brought  to  the  center  with  a  full  velocity,  and,  after  flowing  o 
ward  in  ail  directions,  is  delivered  at  the  periphery  with  a  vel 
ity  sufllicient  only  to  carry  it  out  of  the  way  of  the  water 
follows  it. 

The  energy  in  a  moving  mass  is  proportional  to  the  square 
its  velocity,  being  \  mx^:  therefore,  if  the  water  issues  from  t 
wheel  with  only  J  of  its  initial  velocity,  it  retains  only  j'j  of  t^ 
initial  energy*;  or,  in  otlier  words,  96  per  cent  of  the  kine' 
energy  has  been  taken  from  it.  There  are,  however,  other  loss 
in  a  water-wheel  to  be  considered.  These  may  all  be  put  in 
following  form: 
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'  In  this  expression  W  is  the  weight  in  pounds  of  water  flowS  *'^S 
per  minute;  //  is  the  total  head  or  fall  in  feet :  hence  the  ft  *~^^ 
member  is  the  total  available  H.P.  P  is  the  actual  brake  II  -  ^• 
developed  "by  the  wheel ;  /  is  the  H.P.  lost  in  friction  of  bearin^T  *I 
//  is  the  head  lost  in  resistance  to  the  flow  of  water  tlirough  *^  ^''^ 
wheel  and  passages  leading  to  or  from  it;  A,  is  the  head  lost  •^X 
the  fact  that  the  total  fall  cannot  be  utilized,  since  the  wheel  ^ 
usually  placed  a  certain  distance  above  the  lower  water-lew^^J^ 
but  a  large  portion  of  this  energy  is  often  saved  by  the  use  ^^| 
a  draught-tube;  jms  the  absolute  velocity  in  feet  per  second 
which  the  water  issues  from  the  wheel  (represented  by  Df 
Fig.  fiS);  and  g  is  the  acceleration  of  gravity,  equal  to  3^  * 
hence  the  last  term  gives  the  H.P.  remaining  in  the  water  c* 
to  the  velocity  with  which  it  leaves  the  wheel. 

Tangential  Water-Wheels  are  provided  with  buckets  project* 
outward  on  the  periphery-,  against  which  a  jet  of  water  issu^ 
from  a  nozzle  impinges  tangcntially  (Fig.  72).     For  this  rca^^^^" 
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ley  are  also  called  jet-xvhcds.  Frequently  they  are  designated 
impulse-ivhcelSy  because  the  water  appears  to  produce  its  effect  by 
fclerely  striking  against  the  bucVets.  In  point  of  fact  energy  is 
obtained  from  the  water  by  deflecting  it  backward  along  curved 
surfaces,  the  action  being  equivalent  to  that  of  the  turbine,  as  may 
be  seen  by  comparing  Figs.  68  and  72-  The  chief  distinctions 
between  the  two  types  are  the  facts  that  tangential  wheels  have 
no  stationary  guide-blades,  and  only  a  few  buckets  are  acted  upon 
one  time,  usually  by  a  single  jet,  hence  they  are  sometimes 
illed  partial  turbines. 

Development  of  a  Water-Power — The  dams,  raceways,  wheel- 
its,  etc.,  required  to  make  a  natural  water-power  available  for 
use  are  so  extensive,  and  vary  so  greatly  in  different  cases,  that  it 
is  impossible  to  more  than  touch  upon  them  in  the  present  book. 
For  information  on  this  subject,  reference   may  be  made  to  the 
standard  works  on  mechanical  and  civil  engineering,  and  to  the 
pamphlets  of  the  various  manufacturers  ol  water-wheels. 
B     Measuring  the  quantity  ol  water  that  flows  in  a  given  time  Ja 
^ic  first  step  to  be  taken.     This  may  be  done  in  the  case  of  small 
streams  by  constructing  a  temporary  dam  or  weir  over  which  the 
bater  flows  through  a  rectangular  notch,  the  quantit>*  of  water 
Being   calculated    from    "weir  tables."       In  large  streams  the 
^ross-section  may  be  determined  by  carefully  measuring  the  depth 
at  a  number  of  points  on  a  line  at  right  angles  to  the  stream. 
blic  area  thus  obtained  is  multiplied  by  the  mean  velocity  of  the 
stream  to  give  the  volume  of  Bow.      The  mean  velocity  is  usually 
about  SO  to  S3  per  cent  of  the  maximum  velocity  in  the  middle  of 
■le  stream,  which  latter  may  be  found  by  timing  a  floating  stick, 
ihe  so-called  miner* s  inch  for  measuring  water  is  the  amount 
^latwill  flow  through  each  square  inch  of  an  orifice  that  is  a  cer- 
tain distance  below  the  surface.     This  depth  is  usually  G  inches, 
in  which  case  the  quantity  is  about  1.5  cubic  feet  per  minute, 
the  rate  being  slightly  less  for  small  openings  of  a  few  square 
jnches.  and  slightly  more  for  large  ones.     On  account  of  its  in- 
■cfinitencss,  being  rated  at  from  1.36  to  1.73  cubic  feet  per  minute 
Hq  different  ca-ses,  the  miner's  inch  is  a  very  unsatisfactory  meas- 
^irc.  and  should  always  be  replaced  by  the  cubic  foot  or  other 
definite    unit.      Measurements  of  the  quantity  of  water  should  bt 
season  ol  tfa 
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since  the  minimum  amount  usually  fixes  the  practical  value  of  a 
water-power.  Uut  in  electric  lighting  it  fortunately  happens  that 
in  July  and  August,  during  which  months  the  flow  is  ordinarily 
the  least,  the  number  of  lamps  ts  usually  a  minimum  also;  hence 
the  full  capacity  of  the  plant  may  be  more  than  the  minimum 
water-power. 

WaUr-pffivcr  dams  arc  made  in  innumerable  forms,  and  of 
various  materials,  such  as  plank,  timbers,  logs,  piles,  stone  ma- 
sonry, etc  In  most  instances  they  involve  a  large  part  of  the 
expense  of  a  water-power  plant,  and  almost  every  case  is  a 
special  one,  diflcring  more  or  less  from  all  others.  In  short,  the 
design  and  construction  cf  water  power  dams  constitute  an  im- 
portant branch  of  civil  engineering. 

A  canal,  or  ractivay^  is  usually  constructed  to  convey  the 
water  from  the  stream  above  the  dam,  or  fall,  to  the  point  where 
the  wheel  is  located.  This  should  be  of  suflicient  depth  so  that 
the  water  in  it  shall  not  flow  more  than  90  to  120  feet  a  minute. 
The  mouth  of  the  canal,  or  head  race,  should  be  parallel  with 
the  direction  of  the  stream,  in  order  that  ice.  logs,  and  Jt'bris 
shall  not  be  carried  into  it;  in  fact,  it  is  still  better  if  the  opening 
of  the  canal,  or  raceway,  faces  down  the  stream  at  an  angle  of 
10"  or  20*.  which  still  further  reduces  the  chanct  of  ice  or  drift- 
wood floating  into  it.  The  canal,  or  race,  should  also  be  pro- 
tected by  a  floating  boom  of  timber  extending  across  the  en- 
trance. 

A  flunte^  or  forebay^  built  of  timbers  and  planks,  masonry  or 
concrete,  leads  from  the  canal,  or  head-race,  and  conveys  the 
water  to  the  penstock  or  to  the  turbine  directly.  A  rack  or  screen 
of  iron  bars  and  rods  should  be  placed  in  the  flume,  or  forcbay, 
and  inclined  backward  at  an  angle  to  cause  the  dvbris  to  be 
brought  to  the  surface  and  easily  removed,  as  represented  in 
P'igs.  69  and  ma. 

W hid  Pit. — The  formation  of  the  ground  may  make  it  pos- 
sible to  arrange  the  turbines  on  the  bank  of  the  stream,  and 
simply  inclose  them  in  a  building  or  casing.  Usually,  however, 
it  is  necessary  to  dig  a  pit,  in  which  the  turbines  are  located. 

.4  penstock  made  of  sheet  steel  or  wood  planking  convej's  the 
water  from  the  flume,  or  forcbay,  lo  the  whceL  In  ihe  penstock, 
which  is  sometimes  vertical,  the  actual  descent  of  (he  water  takes 
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place;  but,  if  more  convenient,  Ihc  penstock  may  be  inclined,  the 
iffi'ci  being  due  simply  to  the  vcrical  fall.  The  turbine  is  located 
in,  or  connected  lo,  the  bottom  of  the  penstock.  Where  the  head  is 
not  great  and  it  is  not  necessary  to  carry  the  water  downward  any 
considerable  distance,  the  turbine  is  placed  in  the  end  of  the  flume, 
as  shown  in  Fig.  69a,  and  may  be  ojien  but  usually  inclosed  in  an 
iron  casing.    Penstocks  made  of  |  or  i  inch  sheet  iron  or  steel 
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fla,  S9.    Pair  of  MeC«fmieii  TufUntt  DIrteUy  CwtoMMtf  (0  Otinrmtai'. 

Tivrtttl  arc  usually  employed  in  the  best  practice,  as  they  have  the 
ari\amages  over  planking  of  compactness  and  hss  liability  to  leakage. 
TV  tn<J  of  the  penstock  is  riveted  or  Ixiltcd  directly  to  the  casing 
^  the  lurbine.  A  gate  should  be  provided  at  the  entrance  to  each 
I*nslock  lo  control  the  flow  of  water;  and  in  casvs  wWu;  \v  '\¥«  (\\sV\«i^ 

^  several  bmadics  to  supply  diilerunl  wheels,  \bitTC  s\ttivijX\fc  ^ 
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ga'.c  in  each  branch.    Racks  or  screens  made  of  iron  bai^  and 
arc  also  needed  at  the  entrance  to  the  penstock  (Fig.  69). 

Draught  Tube. — ITie  turbine  may  be  located  at  the  foot  of  t 
total  fall;  in  fact,  it  may  actually  be  placed  below  the  surface 
the  lower  walcr-lcvtl,  that  is,  submerged  in  the  tail-water.  It  is 
usually  preferable,  however,  to  raise  the  turbine  somewhat,  in  order 
to  make  it  more  accessible,  in  which  case  a  draught-tube  should 
be  connected  to  it.  This  may  be  of  any  reasonable  leng.h,  provided 
i'.s  vertical  height  is  not  more  than  18  or  20  feet,  and  still  realize 
Ihe  full  effect  of  the  total  fall  of  water,  since  it  ac'.s  by  suction.  T 
draught -tube  is  usually  made  of  riveted  sheet-steel,  and  must  be  ai 
tight  and  submerged  (6  inches  or  ir.ore)  in  the  tail- water  at  its  lower 
end  in  order  to  maintain  a  partial  \-acuum.  There  should  be  a 
space  below  the  bottom  of  the  draught-tube  at  least  equal  to  jts  own 
diameter,  so  that  the  water  may  be  delivered  freely.  In  the  case 
of  a  turbine  wi.h  a  horizontal  shaft,  the  use  of  a  draught-tube  Js 
practically  esseniial,  because  the  wheel  must  be  raised  some  distance 
above  the  water-levxl,  which  also  ijerrils  the  dynamos  to  be  con- 
veniently belted  or  dirtctly  coupled  lo  the  turbine-shaft. 
arrangement  of  the  penstock  and  draught-l'ibc  is  sho^^Ti  in  Fig.  09. 

.'1  tail  race  or  tuitnd  must  be  constructed  lo  carr>'  away  the' 
walcr,  unless  the  wheels  deliver  it  directly  inlo  the  stream  belo 
the  dam  or  fall.  In  the  case  of  ihe  100,000-H.P.  plant  at  NL-igani 
Falls,  a  tunnel  about  20  feet  in  diameter  and  7,0CX)  feel  long  leads 
from  the  bottom  of  (he  two  wheel-pits,  which  arc  175  fed  dce^fl 
located  about  a  mile  above  the  Falls,  and  empties  into  the  river 
Ixlow  the  Falls.  The  cross-secUon  of  the  tail-race  or  tunnel  should 
Ix:  so  large  that  the  velocity  of  the  water  in  it  sliall  not  exceed  90  lo 
120  feet  per  minute,  as  in  the  case  of  the  bead-race.  In  fact,  iht&fl 
rule  applies  gcnenilly  lo  all  passages  leading  to  or  from  the  wheel, 
but  in  short  iron  pipes  180  feel,  and  in  longer  ones  150  feet  per 
minute  is  allowable. 

Some  of  the  most  important  forms  of  turbine  in  general  use 
arc  the  following: — 

The  Leffel  Turbine,  manufactured  in  Springfield,  Ohio,  one  ofi 

the  standard  types,  is  made  in  many  different  forms  suitable  foe 

various  purposes.    The  ordinary'  vertical  tj-pe,  shown  in  Fig.  70, 

is  usually  inclosed  in  a  globe  casing  of  c^st  iron.    The  water  enters  ihis 

casing  through  a  pipe  bolted  lo  Ihe  inlet  flange,  shown  in  front;  U 
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then  runs  from  all  sides  mlo  the  turbine,  and  Gnally  discharges 
through  a  draughl-luljc  bohed  to  ihc  flange  at  the  bottom. 

The  casing  of  the  Lcffel  wheel  is  provided  with  a  removable 
cover  bohcd  on  the  top,  allowing  the  wheel  to  be  lifted  out  of  the 
cising.  A  large  manhcile,  as  well  as  handhole,  on  the  side,  admit 
(if  cxaminalitm,  or  ihc  removal  of  any  obslruclinn  thai  may  get 
into  the  casing.  A  bridge-tree  bohcd  to  the  lop  cap  carries  an 
oil-bearing  supporting  the  upper  end  of  the  waler-whcci  shaft,  to 
which    latter    a    clulch-coupling    is    attached.     Stufhng-boxes    are 


ftg.  70.     Iwgvt  Turbtfm, 

arranged  in  the  cap,  through  which  the  gate-rod  and  wheel-shaft 
pass,  preventing  leakage  of  water;  and  bolls  arc  provided  for  lighten- 
ing the  packing,  should  it  become  loose  or  worn.  The  latest  design 
of  the  I.cffel  type,  called  the  "Samson"  turbine,  is  made  in  the 
simple,  vertical  form  represented  in  Fig.  69a,  also  several  arrange- 
ments with  horizontal  shaft.  The  Samson  wheel  is  usually  pro- 
vided with  a  cylindrical  casing  having  casl-iron  ends  and  sheet-steel 
sides.  It  is  not  essential,  however,  to  use  the  globe  or  cylinder 
casing,  and  in  some  cases  the  wheels  are  set  directly  in  the  bottom 
of  a  penstock  built  of  planking.  The  power  of  Leflfel  and  Samson 
wheels  is  controlled  by  opening  and  closing  the  "gates"  (i.c.,  bladcsj^ 
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through  wbich  the  water  enters  the  wheel  oU  aroimd  i;s  periphery. 
Thesic  arc  pivo'.cd  in  the  middle  so  as  to  be  balanced  and  arc  caused 
tt>    s%Ting  open  more  or  less  by  the  gate-rod,  shown  on  ihc  left  of  | 
th.e     main  shaft  in  Fig.  70.    This  gate-rod  is  operated  by  hand,  or 
cont  roUed  automa'. ically  by  a  centrifugal  governor. 

rhc  "runner,"  or  moving  element  of  the  Leffel  and  Samson 
irb>ixies,  differs  from  others  in  being  composed  of  two  wheels  of 
difTt-i-tnt  diameters,  one  within  the  other.  The  water  enters  the 
innoi-  wheel  or  set  of  buckets  through  the  openings  AB  in  Fig.  70a, 


•T 
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Fig.  70a,    AfffRff  of  r*nlnt  Samtom  TurUiH. 

^^  it  CDlciB  the  outer  buckets  through  the  openings  CD.  Both  sets 
^^^ive  water  from  the  same  siaiionarj*  guide-casing  within  which 
"*  ninner  rotates.  The  outer  or  main  buckets  arc  made  of  flanged 
P'^le-^iccl  cast  into  a  heavy  ring  Ef  and  a  diaphragm  separating 
"'*^  two  sets  of  buckets.  The  earlier  Leffel  turbine  is  a  combination 
™  *hc  inward  or  central  discharge  wheel  and  of  the  downward  dis- 
*'"arge  wheel.  In  the  later  Samson  turbine  the  discharge  from 
'°^  inner  wheel  is  inward  and  downward  and  from  the  outer  buckets 
•^  U  downward  and  outward  at  Gff  in  Fig.  70a,  hence  each  r«niw«s. 
:harges  independently  its  portion  of  the  waxer. 
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The  Leffel  wheels  are  made  in  7  standard  sizes  from  10  to 
inches  in  diameter,  developing  wiih  20  foot  head  5  to  50  H,P.  »* 
600  and  450  r.p.m.  respectively.     There   are    12   sizes  of  Samso*^ 
wheels  from  17  lo  68  inches  in  diameter,  20  to  835  H.P.  under  ^^ 
head  of  20  feet  at  416  to  107  r.p.m.    The  Samson  turbine  repre — ^ 
scnted  in  Fig.  69(2  is  68  inches  in  diameter  and  develops  300  H-P-*-* 
at  72  r.p.m.,  consuming  20,000  cubic  feet  of  water  per  minute.  ■ 

The  Victor  Turbine  is  another  well  known  tjpc  manufactured     - 
ty  the  Stilwcll-Bierce  and  Smith- Vaille  Company  of  Danon,  Ohio. 
It  is  made  with  "cylinder-gate"  in  seventeen  sizes  from  12  lo  60 
inches  diameter,   with   "register-gate"  in  four  sizes  from  6  to  13l 


jiftfi 


inches  diameter,  and  of  the  "high-pressure"  form  in  twenty* 
sizes   from    14  lo  72  inches  diameter.      The  last   named   dewlaps" 
799  H.P.  at  127  r.p.m.  under  a  head  of  100  feet,  and  8.933  H.P.  at 
285  r.p.m.  under  500  feel  head,  being  capable  of  oiicral ing  undi 
heads  up  to  675  feet  or  even  more.     A  jKiir  of  27-inch  Victor  lui 
bines  mounted  on  the  same  horizc>nl<U  shaft  arc  shown  in  Fig.  71.1 
The    rivelcd-stecl  central  discharge  casing  is   designed    to  be  set 
in  an  open  concrete  or  masonr)'  flume,  the  water  flowing  from  all 
sides  into  the  two  sets  of  openings  shown.      A  large  cast-iron  ring 
at  the  left  is  built  into  the  flume  wall,  to  which  the  circular  cast* 
iron  flume  head  is  bolted.    Through  this  pa.sses  the  main  shaft  wit] 
a  flanged   coupling    for   direct  connection  with   the  generator, 
"cyliiuicr-gatc"  which  varies  the  power  by  covering  more  or  le-ss 
the  wheel  IS  moved  longilud\naVl>f  \3atV.  uwA  lorAi,  \i^  4TBi'«-TOds  also 
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1       passing  ibrough  ihc  flume  head  and  operated  by  racks  and  pinions         ^| 

as    rrprcsentcd.                                                                                                     ^^k 

Rc«>ulls  obluined  from  a  2.>inch  Viclur  turbine  under  144  feet  head*         ^^k 

lated  at  500  H.P.  and  4$0  r.p.m.,  din^rtly  couijIcH  to  a  300-K.W.         H 

tllrce-phase  generator,  arc  given  in  Fig.  71d.     This  lest  was  made   ^^^| 

by    W.  A.   Brakenridge,   Resident   Engineer  uf  ihe  Niagara  Falls.  ^^^| 

Po'wer  Company,  and  shows  very  high  efliciencies  above  half  gatev         ^H 

w-liich  gave  280  H.P.,  being  79  to  84  per  cent.     At  smaller  loads         H 

i 

r*  ** 

^■f 

1 

.'  _ 

1 

— 

-r 

1*- 

- 

^ 

yy 

r 

r^ 

< 

•' 

* 

/ 

J 

I'/ 

v' 

f' 

} 

t 

r- 

1  •«*."* 

■    -4 

J 

. 

' 

** 

■ 

f 

' 

y 

/ 

t 

^ 

J 

/ 

/ 

1    "1 

f 

t 

/ 

) 

'A 

^^g              mui"*^ 

— 

/ 

f' 

■ 

( 

y 

^H 

f 

J 

/, 

r 

H 

f 

/ 

'' 

H 

1 

•<• 

' 

]/ 

^^B         L*    >ilr  4  c^  ^  -^^  fr  -^  -^   -^   '^^              ^^H 
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the  efEcicncj*  falls  rather  rapidly,  being  65  per  cent  at  150  H.P,         ^M 

^th  ^  gale,     A  wheel    may   be   designed    for  higher  cfllcicncy  at          ^M 

light  loads,  but  it  would  not   give  mure  than  about  80  |>er  cent  at          ^M 

fuU    load.     This    point    should   always  be  considered  in  selecting          ^M 

machiner}'  of  any  kind.     It  Is  to  be  noted  also  that  these  efficiencies          ^M 

apply  to  the  turbine  alone,  losses  in   ihe  generator  and  in  gearing          ^M 

^^u:  belling,  if  used,  being    excluded.     Furthermore  there  is  almost          ^| 

^^^way3  considerable  loss  of  head  in  actual  operation,  the  level  in         ^M 

the  flume  being  lovsx-r  and  that  of  the  tail-race  or  wheel  pit  being          ^M 

higher  than  with  still  water  when  the  nominal  head  is  determined.          H 

The  McCormick  Turbine  is  made  by  Ihc  S.  Morgan  StnlihConv'         ^1 

paay  of  York,  Pa.,  in  twenty  sizes  from  9  \o  72  mc\ve&  <Vi-d.vc\0.«» 
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developing  from  12.3  to  1,000.7  H.P.  under  20  feet  head  at  51M  a. 
83  r.p.m.  rcspeciivcly.  •■V  pair  of  33inch  whtcU  of  this  kind  dev^"~cl- 
oping  1,500  H.P.  and  directly  coupled  to  a  generator  arc  shovm  in 
Fig.  69.  This  arrangement  is  for  ccnlral  dist-harge  similar  to  ttr^ai 
in  Fig.  71,  but  the  two  wheels  are  inclosed  in  an  iron  casing  to  whi 
the  ^^*atc^  is  brought  by  an  inclined  penstock,  whereas  the  lurbitr^* 
in  Fig.  71  arc  iniendctl  Tn  be  submerged  in  an  ojjcn  flume. 

The  New  American  Turbine  is  manufactured  by  the  Da>toJi 
Globe  Iron  Works  in  twelve  sixes  frc)m  U»  i»  66  inches  diameter 
of  the  ''impro\'cd"  form,  and   in   seventeen   sizes    from  13  to  60 


fig.  72.    ttinott  Wattr-Wlmi  O/rartIv  Couptatf  »  D^mnt. 


inches  diameter  of  the  "special  "  type.  The  former  are  especially 
designed  to  drive  electric  generators,  hanng  33  per  cent  greater 
speed  and  about  20  jier  cent  greater  fiower  than  the  other  wheels 
of  the  same  size.  A  numlx:*r  of  forms  adapted  to  particular 
conditions  are  also  made,  being  known  as  "reduced-discharge" 
wheels.  The  runner  of  the  new  American  turbines  resembles  that 
illustrated  in  Fig.  VOa,  with  the  upper  row  of  openings  AB  omitted, 
there  being  only  one  set  of  buckets.  It  consists  of  a  single  iron 
casling  made  by  means  of  dr>*  sand  cores. 

The  Pelton  Water- Wheel  belongs  to  the  class  of  tangential  or 
jet  wheels  already  defined,  and  i-s  represented  in  Fig.  72  directly 
coupled  to  a  generator.    T\vcsc  vtVcXs  m«  ^tv;v;\:ia.iVi  ■a.^Y-' 
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(orery  high  pressures,  being  used  in  many  cases  under  a  head  of 
1^  feet  or  more. 

The  great  advantage  of  this  type  is  extreme  simplicity  and  com- 
paancss,  at   the  same  time  giving  a  high  efficiency  of  80  to  S5  per 
rent,  equal  to  that  of  the  best  turbines.    The  efficiency  of  the  tan- 
gential wheel  depends  upon  a  principle  similar  to  that  of  [he  turbine, 
as  explained  in  connection  with  Fig.  68-    A  cylindrical  jet  of  water 
3  strikes  against  a  bucket  B  having  the  general  form  shown  in  Fig.  73, 
and  is  divided  into  two  equal  parts  by  the  wedge  in  ihe  middle  of  the 
bucket.     Each  of  these  streams 
$  and  5  is  deflected  around  by 
the  conca\X'  surfaces  and  deliv- 
ered  backward   at   a   velocity 
appToxinnatcly   equal   to   that 
r>f   the    wheel.    The   streams 
^^5    should    flow    out    at    an 
^nglc  to  the  plane  of  the  wheel 
^Hi    order    to    clear    ihc    next 
^(lucket  at  B  antl  £  as  shown^ 
therwisc     a     back     pres-surc 
lid    be   produced.     If  FG 

nls  the  relative  velocity  of  the  water  and  GU  the  peripheral 

of  the  wheel    then  FH  is  the  absolute  velocity  of  the  water. 

angle  FQll  corresponds  to  DEF  in  Fig.  fiS. 

ReguiiJtion  of  Pdton  Wheels. — The  speed  and  power  of  these 

wheels  can  be  controlled  by  using  several  nozzles  ucling  at  different 

points  on  the  peripher\-,  which  are  turned  on  or  off  according  lo  the 

power  required.    The  power  of  tangential  wheels  is  also  varied  by 

using  a  defUcling  nozzie  provided  with  a  ball-and-socket  joint  so 

thai  the  jet  may  be  throwTi  cither  fully  or  partially  against  the  buckets. 

This  method  wastes  water  and  where  that  is  objectionable  the  rcgu- 

Ution  may  be  effected  by  var)'ing  the  size  of  the  jet  either  Wth  a 

movable,  tapering  plug  inserted  in  the  nozzle  or  by  means  of  a  cut-off 

hood  on  the  end  of  the  nozzle,  the  position  of  which  is  altered  to 

adjust  the  discharge  area.    Various  forms  of  water-wheel  governors 

described  later  may  Ix:  used  to  secure  automatic  regulation  of  speed. 

Setting  Up  and  Connecting. — ^A  Pehon  wheel  is  mounted  upon 
a  limber  frame  or  an  iron  base,  as  represented  in  Fig.  72.  boled 
to  sujfah/e  foundations.     To  prevent   the   walCT  Irota  staWtTYVvg^ 
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about,  the  wheel  ts  inclosed  in  a  housing  of  wood  or  iron,  with  am] 
clearance  on  all  sides  for  free  discharge.  The  nozzle  should  be 
firmly  braced,  since  ihe  jet  j)roduces  a  slrong  reaction.  Several 
sizes  of  nozzle  arc  providc<I,  which  can  readily  be  unscrewed  and 
changed  lo  give  different  power.  The  water  is  usually  brought  lo  the 
wheel  from  the  canal  or  flume  by  a  pipe  made  of  rioted  shcet-sieel, 
co\-crcd  inside  and  out  wiih  asphaltum  to  prevent  corrosion.  Tlie 
pipe,  usually  made  in  lengihs  of  alx>ut  25  feet  for  convenient  rail 
or  boat  transportation,  may  be  connected  by  a  simple  Alip-joiut,  one 
end  of  the  pipe  being  slightly  tapcR'd  so  as  to  be  forced  into  the 
larger  end  of  the  next  section.  If  jiroporly  made  this  is  safe  for 
heads  up  to  300  feel.  The  lead  joint,  which  will  stand  700  feet 
head,  is  made  with  the  ends  of  the  pipes  of  the  same  size  butted 
together,  a  sleeve  being  fitted  inside  and  a  collar  outside,  leaving  a 
space  of  about  2  inch,  into  which  melted  lead  is  run.  A  {lan^t:<i 
joint  with  a  rubber  gasket  between  flanges  riveted  to  Ihe  ends  of  the 
pipes  and  bolted  together  should  be  used  for  still  higher  pressures. 
Sheet-steel  pipe,  double-riveted  on  longitudinal  and  single-riveted 
on  circular  seams,  24  inches  in  diameter  and  made  of  steel  .20  inch 
thick,  will  safely  stand  400  feet  head.  For  other  pressures  and 
Itipe  diameters  the  thickness  of  metal  should  be  in  direct  proportion. 
The  loss  of  head  in  pipes  due  lo  friction  may  be  calculated  by  the 
following  expression, 

in  which  F  is  the  loss  of  head  in  feet,  L  is  the  length  of  pipe  in  fc 
D  is  the  inside  diameter  of  pipe  in  inches,  and  V  is  the  velocity  of 
flow  in  feet  per  second,  usually  between  2  and  7,  within  which 
limits  this  formula  applies. 

Standard  diameters  of  Pulton  wheels  arc  6,  12,  15,  18,  and  24 
inches,  also  3,  4,  5,  and  G  feet,  the  five  smaller  sizes  being  called 
water-motors.  Under  500  feet  head,  producing  u  pa-ssure  of  217 
lbs.  per  square  inch  and  an  efflux  velocity  of  179.3  feet  per  second, 
the  C  inch  wheel  develops  0.7  H.P.  at  3426  r.p.m.,  the  12-inch  15.7 
n.P.  at  1,713  r.p.m.,  the  24  inch  83.8  H.P.  at  856  r.p.m.,  the  4-fo^ 
.3.35  H.P.  at  428  r.p.m.,  and  the  6fool  755  H.P.  at  ZS5  r.p.m.  Th? 
approximate  power  for  other  sizes  of  18  inches  or  more  and  heads  up 
to  1,000  feel  is  given  by  the  expression  H.P  =..0018SZ>'Vh»,  in 
which  D  is  the  diameter  and  II  is  the  head,  both  in  feet. 
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The  Dobel  Tangential  Wheel  differs  from  the  Pelton  type  in 
tTic  shape  of  its  buckets;  in  fact  mere  are  many  forms  on  the  market. 
One  of  the  earlier  Pelton  buckets  shown  ai  E  in  Fig,  73a  is  boiled 


A. 


¥tg.  73a.    FttrmM  of  Buektt  TaiftnUm/  WiHtr-WAMU. 

To   ihe  wheel  by  the  prt^jcclion  R.     It  consists  of  two  half  cylinders 

tangent  along  the  edge  ER,  tlic  ends  c)f  ihe  [wo  being  flat  and  per- 

pendicular  to  the  axes  of  the  cylinders.     Some  of  ihe  later  Pelton 

buckets  are  made  with  the  ends  more  rounded,  hut  in  either  case 

'he  jet  is  t-qually  divided  by  the  edge  E  or  F  and  disihargi^s  largely 

frctm  ihc  sides  JK  or  L\f.     The  Doble  bucket  consists  of  two  half 

ellipsoids  and  the  outer  portion  is  cut  away  at  G  where  it  -enters 

^nd  leaves  the  jet.    The  smooth  curved  surfaces  allow  the  discharge 

lo  take  place  freely  in  all  directions.     The  bucket  of  the  Hug  wheel, 

<«i  Ihc  other  hand,  discharges  at  /*  and  Q  or  toward  the  center. 

I  Hence  there  is  no  settled  practice  or  even  genera!  similarity  in  this 

n^pect. 

Besides  Ihc  types  of  tangential  wheels  described,  the  Cazin, 
''■Jfidon,  and  Girard  are  also  manufactured,  the  last  being  European. 

Water-Wbeel  Governors. — In  many  factories  and  mills  .4mall 
^ariaiiiins  in  speed  are  not  verj- objectionable,  so  that  it  is  sufficient 
'Q  lepilatc  the  speed  of  water-wheels  by  opening  and  closing  the 
(^ifs  by  hand.  In  electrical  plants,  however,  an  automatic  gov- 
cn>or  is  usually  neccssar\'. 

Thf  Lombard  Governor  consists  essentially  of  a  piston  working 
'1  a  hydraulic  cylinder,  the  piston-rod  of  which  terminates  in  a  rack 
PWttl  poshivcly  to  the  mechanism  that  opens  and  doses  the  watcr- 
"wd  gate.  The  admissiim  tif  water  under  pressure  to  one  end  or 
'*  other  of  Ihe  cylinder  is  tlclirrniincd  by  a  valve,  the  latter  being 
"WtroBed  by  a  centrifugal  governor,  shown  at  the  lop  in  Fig.  736. 
Titts  governor,  connected  through  bevel  gearing  to  a  pulley  that 
'^'Jri^tn  from  the  main  shaft  by  a  small  belt,  runs  at  485  r.p.m.  In 
tilt  case  of  tangential  wheels  or  moderate-sized  turbines  working 
"*fcr  considerable  head,  the  pressure  of  the  water  ob\a\t\ed  Itoro. 
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imc  is  sufTicient  lo  operate  ihe  hydraulic  piston.  The  panic- 
Form  shown  (Type  L),  with  24-inch  stroke  and  a  piston  diameter 
finches,  develops  24.29  ft. -lbs.  per  foot  of  head  in  each  stroke, 
[■ad  of  100  feet  giving  2,429  ft. -lbs.  would  be  suflicicnl  to  operate 
|[te  of  any  reasonable  size  and  even  smaller  cylinders  will  regulate 
?nlial  wheels.     Where  more  work  must  be  done  10-  or  16-incb 
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cylinders  are  used,  and  wi:h  insufTicient  head  of  v^'ater  the  pi:^lor 
arc  operated  by  oil  at  a  pressure  of  200  lbs.  per  square  inch.     T| 
oil  is  supplied  from  a  tank  in  which  air  pressure  is  maintained  lii 
small  pumji.    This  last  type,  with  a  cylinder  6x24  inches  develop 
U.3U0  ft. -lbs.  each  stroke,  is  capable  of  working  a  Urge  gate,  or  c| 
several,  simultaneously. 
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In  order  lo   synchronize   alternators   running   in   parallel,   the 
vcmors  roust  be  controllcil,  and  it  is  desirable  lo  do  this  from 
c  switchboard.    This  is  accomplished  in  the  Lombard  governor  by 
taching  to  it  a  small  electric  motor  which  lengthens  or  shortens 
the  valve  stem,  thus  varying  ihc  speed.    The  direction  of  rotation 
of  the  motor  is  dclcrmined  by  two  pushbuttons  on  the  switchboard, 
hich   enables  the  frequency  and   phase  of  the  alternators  to  be 
gulaicd  exactly.      A  pita-dulch  operated  by  a  small  liand  wheel 
also  enables  the  gates  to  be  worked  by  hand  with  the  large  wheel 
jilinwn  in  Fig.  736. 

The  Sturgess  Water-Wheel  Governor  is  similar  in  principle  to 
the  Lombard  type,  the  gate  mechanism  being  operated  by  water 
or  oil  pressure  acting  on  a  piston  and  controlled  by  a  valve  and  cen- 
trifugal governor.  In  this  case,  however,  (he  piston  is  rectangular 
and  mounted  radially  on  a  shaft  whose  axis  coincides  with  that  «f 
he  cylinder.  This  shaft  is  comiccted  to  the  gate  by  gearing  so  that 
the  motion  of  the  piston,  which  swings  through  315**,  causes  it  to 
o]Hm  or  close.  This  governor  may  also  be  equipped  with  a  supplc- 
(Tncnlar)'  elearic-moior  control  similar  to  the  Lombard  device. 

The  Woodward  Water-Wheel  Governor  operates  mechanically 
id  differs  from  the  two  foregoing  forms  in  which  the  movement 


n^.  73c.     Woo^a/artl  yVater-Wfirel  Baoernor. 

be  gale  is  effected  by  water  or  oil  pressure.  The  power  required 
^  taken  from  the  main  shaft  by  a  belt  to  the  large  pulley  in  Fig.  73c. 
■^double-beveled  friction-wheel  is  keyed  lo  the  shaft,  lo  which  this 
pulley  is  also  keyed.  On  each  side  of  ihc  friclion-wheel  is  a  friction- 
P3fl  carrying  a  spur-piniun  and  moun.cd  \oQst\y  upoT\  \\vt  ^aaSx. 
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These  pinions  engage  with  gears  on  a  back  shaft,  one  directly  and 
the  other  through  an  intcrmcdiaic  gear,  Ihus  giving  reverse  move- 
mcnls.  A  thrust-collar  attached  lo  the  pulley-shaft  enables  the 
iriction-whec]  to  be  forced  against  either  friction-pan  by  means  of  a 
fork  conncclcd  to  the  mechanism  of  a  centrifugal  governor  through 
a  lever  and  crank.  Any  speed  above  or  below  normal  causes  the 
gate  to  close  or  open  since  it  is  connected  (a  the  back  shaft.  The 
governor  is  driven  by  a  belt  on  a  small  pulley  as  shown. 

Relief  Valves. — WTicn  (he  flow  of  water  in  a  pip>e  or  other  closed 
conduit  is  suddenly  stopped,  ihcrc  is  what  is  commonly  called  a 
water-hammer  elTect.  The  pressure  exerted  in  pounds  per  square 
inch=.\/r^  r,  .U  being  the  mass  (weight n- 32.2),  V  the  velocity  in 
feet  per  second,  and  T  the  time  in  seconds  during  which  the  motion 
is  arrested  (wi:h  unifnnn  retardation).  Since  the  pressure  is  in- 
versely proportional  to  this  time,  it  may  be  enormous  if  a  gate  is 
very  suddenly  closed,  especially  at  the  end  of  long  pipe,  when  the 
mass  U  would  be  large.  To  avoid  this  excessive  pressure,  which 
might  easily  burst  the  i>ii>c,  a  stand-pipe  or  relief-valve  should  be 
connected  to  it  near  the  gate.  The  former  is  expensive  and  clumsy, 
particularly  with  high  heads,  so  that  relief-valves  arc  more  generally 
used  in  such  cases.  They  are  similar  to  safety-valves  on  boilers, 
being  set  to  open  when  the  pressure  rises  a  certain  amount  above 
its  normal  value. 

Connection  of  Water-Wheels  with  Generators  will  be  considered 
in  the  following  chapter,  in  which  direct  coupling,  behing,  and 
gearing  are  discussed. 
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In  some  cases  elect ric-lighling  plants  arc  operated  by  the 
power  obtained  from  windmills;  but  the  obWous  difliculty  is  the 
unsteadiness  of  the  wind,  the  slightest  variation  in  voltage  being 
paniculiirly  objectionable  in  incamlescent  lighting.  This  difl6culty 
is  more  or  less  overcome  by  the  ust^  of  a  storage-battery,  which  is 
charged  by  the  windmill  anrl  dynamo,  the  actual  cuirent  for  Ugbliog 
being  obtainefl  from  the  batter)-. 

According  lo  the  obscrvalions  of  the  United  States  Signal  Ser- 
vice,* the  average  velocity  of  the  wind  for  the  year  is  9  miles  per 
bour  along  the  North  Atlantic  coast  and  in  the  Northwestern  Slates, 

•  "Hone-power  of  WindmiUa,"  Scientif^  Amcrkan,  July  8,  1803. 
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10  miles  on  the  plains  of  the  West,  and  6  quIch  in  the  Gulf  States. 
A  10-milc  breeze  exerts  a  pressure  of  about  \  lb.  per  square  foot; 
15  miles,  hV  lbs.;  20  miles.  2  lbs. 

The  apparatus  for  an  electric-lighting  plant  consists  of  a  wind- 
mill of  any  of  liic  numerous  types  manufaclua-d  and  a  dynamo 
having  u  capacity  equivalent  to  the  maximum  power  of  the  wind- 
mill, the  two  being  mechanically  connected  by  belting  or  gearing. 
It  ii  alio  necessar)'  to  apply  some  automatic  device  whicii  will  cause 
the  dynamo  to  charge  the  storage-battery  only  when  ils  speed  and 
vohage  rise  above  a  certain  value.  This  may  be  mechanical  or  elec- 
trical; for  example,  a  centrifugal  governor  combined  with  a  switch 
so  as  to  dose  the  latter  when  the  sptcd  reaches  a  certain  limit  and 
open  it  when  the  speed  falls  below  this  value;  or  an  electromagnetic 
device  may  close  the  circuit  when  the  voltage  of  the  dynamo  rises 
to  Ihc  proper  point.  If  such  a  device  were  not  used,  the  battery 
would  discharge  buck  through  the  dynamo  when  the  E.M.F.  of 
the  latter  fell  below  that  of  (he  former. 

Another  device  to  maintain  reasonably  constant  voltage  with  wide 
\-arialions  in  speed  consists  in  winding  the  field- magnets  of  the 
dynamo  differentially;  that  is,  with  a  series-coil  which  opposes  the 
magnetizing  effect  of  the  shunt-coil,  so  that,  as  the  speed  of  the 
dynamo  and  the  current  increase,  this  series-coil  will  tend  to  demag- 
netize the  field  and  keep  down  the  E.M.F. 

For  further  information  in  regard  to  water-power  and  wind- 
power,  reference  may  be  made  to  the  following  books  and  articles: 

A  Trtatise  ch  Hydmulitj,  by  Prof.  M.  Mcniman;  8lh  VA\\.,  N.  V'.,  1903. 
Hy4rauiic  Molarx  and  TurbtMs.  by  G.  R.  Bodrncr;  3d  E<]it.,  N,  Y.,  1902. 
Ilyjrauiks  and  Hydraulic  Altars,  by  Weisbacli.     Translated  by  A.  J.  DuBois; 
,  Edit..  N.  Y. 
Hydtatdic  P&ioe*  Eitginurimg,  by  G.  Croydeo  Muckii,  I>nnriijn  aitd  New  YoA, 

tooo. 

Hydraulic  Xfachinery,  by  R.  C.  Blaine.  London  and  New  York,  t997. 

Devtiapntfnt  and  Tramntission  of  Power,  by  W.  C.  Unwin.  London,  1894. 

Cotntrmtlitm  of  ifUt  Dams.  Published  by  Jnmcs  Li-(Ti-l  &  Co.,  Springfield, 
Ohio. 

■'Crntral  Stations  Operated  by  Water  Power,"  b  paper  before  National  Electric 
Li^U  A-sM^ixli'in,  Seplt^mber,  1891.  FJeclrical  Engineer,  Sept.  10,  18Q1.     (Historical.) 

■'Cn»t  of  Steam  Power,  cic."  (Appendix  oc  Water  Power),  Dr.  C.  E.  Emery, 
Tivnt.  Amtr.  Inst.  EUc.  Eng..  Miirch.  1%)3. 

••Water  Po«ir,  Its  Generation  and  TranimissJon,"  Samuel  Wcblicr,  TraMs 
Amtr.  Sm.  Meth.  Eng.,  December,  1895. 

The  Wiitdmiil  Ji  a  Prime  if&vrr,  by  A.  R.  Woolf,  New  York,  1S90. 

"Gcoetating    Electricity  t)y  Windmills/'  I.   N.  l^cwis,   AngiticerTHi  Ua^a&\^w« 
December,  IBM. 
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Various  means  are  employed  to  connect  the  engine  or  other 
prime  mover  with  the  generator,  of  which  the  following  are  the 
most  important: — 

1.  Direct  driving. 

2.  Belting  (flat). 

3.  Rope  driving. 

4.  Toothed  gearing. 

5.  Peculiar  forms  of  connection,  such  as  friction  and  magnetic 
gearing. 

Other  apr)aratus,  snch  as  shafting,  clutches,  hangers,  pulleys, 
etc.,  arc  us^ed  in  connection  with  the  above-named  methods. 

Direct  Driving. — This  term  may  be  applied  generally  'o  all 
cases  where  a  generator  is  dri\*en  without  intermediate  bel.ing  or 
gearing.  Direct  connection  may  be  used  s]>ccirically  to  dc-^ignatc 
the  arrangement  in  which  the  revolving  armature  or  tkld  is  mounted 
on  the  engine  or  turbine  shaft;  and  direct  coupling  should  mean 
that  each  has  its  shaft,  the  two  being  coupled  togeiher  either  rigidly 
or  flexibly.  These  distinctions  are  desirable,  but  ordinarily  the 
terms  are  all  used  in  the  same  general  sense.  This  mclluMl  i>  the 
simplest,  and  for  that  reason  the  most  desirable  connection  provided 
it  can  be  carried  out  without  involving  sacrifices  thai  offset  its  adi-an- 
tages.  It  comjH-'ls  the  engine  and  generator  to  run  at  the  same 
speed,  and  gives  rise  to  certain  difBcuUies,  for  the  reason  that  the 
most  desirable  speeds  of  the  two  machines  may  not  agree.  The  most 
advantageous  speed  of  a  generator  is  considerably  higher  than  that 
of  the  corresponding  reciprocating  steam-  or  gas-engine.  Hence  it 
is  necessarj*  either  to  raise  the  speed  of  the  engine  abo\-c  the  point 
At  which  it  works  well  or  reduce  the  speed  of  the  generator  lielow 
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Ihal  al  which  ii  gives  its  full  capacily,  in  order  to  make  the  two 
coincide.  The  running  nf  an  engine  abdve  a  ccrUiin  speed  is  de- 
cidedly objectionable,  since  i.  reduces  i's  eiHdency,  rcqufres  more 
attention,  increases  the  wear  and  repairs,  and  consumes  more  oil. 

The  speed  of  a  generator,  on  the  o:hcr  hand,  can  be  brought 
down  without  much  sacrifice  of  efficiency  or  olher  disadvanlage, 
except  that  the  output  is  decreased,  or,  whal  is  the  same  thing, 
the  size  and  weight  arc  increased  for  a  given  output.  The  usual 
way  to  construct  a  low-speed  dynamo  is  to  make  the  armature  of 
large  diameter,  thus  securing  a  sufiicicnily  high  peripheral  velocity; 
at  the  same  time  the  armature  core  is  made  in  the  form  of  a  ring, 
wi.h  comparatively  small  radial  thickness,  in  order  to  reduce  the  ' 
weight  of  iron  required.  Nevertheless,  the  frame,  shaft,  bearings, 
and  other  parts  of  such  a  machine  are  necessarily  heavier  and 
more  costly  than  If  the  armature  were  of  smaller  diameter  and  higher 
sptcd-  The  compactness,  simplicity,  and  genera!  advantages  of 
direct  coupling  are  so  great,  however,  that  ihcy  generally  warran'. 
The  extra  cost.  The  subject  of  generator  design  and  construction  is 
discussed  in  Chapters  XV^U  and  .Will  and  the  various  cases  of 
dinct  driving  will  now  be  considered  separately. 

The  dirtit  driving  oj  genfraiors  by  'waier-iurbiiKS  can  usually  be 
carried  out  without  departing  much  from  the  normal  speed  of  either 
machine;  that  is  to  say,  the  ordinary  speed  of  a  turbine  agrees 
fairly  well  whh  the  normal  speed  of  a  generator  of  corresponding 
power  provided  the  head  is  sufficient.  The  shaft  of  the  formiTj 
however,  is  usually  vertical,  while  that  of  the  latter  is  horizonlal; 
hence,  in  order  to  drive  directly,  one  or  the  other  must  lie  changi-d 
from  i.s  ordinary  arrangement.    This  can  be  done  cither  by  construct- 

a  generator  to  revolve  on  a  vertical  shaft  or  a  turbine  with  a  hori- 
ital  shaft  {Fig.  G!))  can  be  obtained.  If  the  armature  is  mounlcd 
dirW-ly  upon  the  shaft  of  a  vertical  turbine,  the  total  weight  Ix'comes 
large  and  must  be  sup[M)rted  on  some  adequate  form  of  thrust-  or 
siop-lx-aring.  In  some  cases  provision  is  made  to  take  a  jiortion 
or  all  of  the  weight  off  of  the  bearings,  ei;her  by  magnetic  attrac- 
tion or  by  causing  the  upward  pressure  of  the  water  in  the  turbine 
to  baJance  the  weight.  Devices  of  the  former  kind  have  Ix'cn  con- 
KrucU'tl  by  the  Ocrllkon  Works  of  Swi.zerland,  one  of  which, 
described  in  the  Electrical  Engineer  (New  York)  of  Au^j.  *12,  V^SW, 
balances  a  load  of  30.000  lbs.,  consis;ing  of  a  600  H.I*.  VuTXvttvt 
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and  dynamo,  the  consumption  of  electrical  eneig)'  being  only  ^  H.P. 
per  ton,  or  f  of  1  per  cent.  The  magnet,  which  is  fixed,  is  circular 
in  form  and  multipolar.  It  acts  upon  a  flat  ring  armature  attached 
lo  the  shaft,  and  made  of  iron  ribbon  to  prevent  the  generation  of 
eddy  currents.  Provision  is  made  for  var)'ing  the  attracting  force. 
The  upward  pressure  of  the  water  has  also  been  used  lo  balance! 
the  weight,  but  the  serious  difliculty  arises  that  this  pressure  varies 
with  the  amount  of  opening  of  the  gate  and  is  therefore  insufficient 
at  light  loads.  In  the  case  of  the  5,U00  H.?.  two-phase  generators 
of  the  Niagara  Falls  Power  Company,  the  revolving  field-magnci 
is  mounted  on  the  lop  of  the  vcrlical  shaft  of  a  turbine.  The  weight 
of  niovuig  parts  is  about  150,000  lbs.  and  is  carried  on  a  single  flange 
attached  to  the  shaft  that  revolves  on  a  fixed  ring,  oil  under  high 
pressure  being  forced  between  the  two  surfaces  so  that  the  weight 
practically  floats  ujmn  it.  The  principle  is  the  same  as  that  of  the  h 
slep-bearing  of  the  Curtis  slcam-turbinc  represented  in  Fig.  60.  V 

A  turbine  with  horizontal  shaft  ran  be  coupled  directly  to  a  gen- 
erator in  ihc  manner  illustrated  in  Fig.  69.  This  arrangement  is 
open  to  the  objection  that  the  eleclriral  marhinerj'  must  be  placed 
below  the  upper  water  level  and  rather  near  the  lower  levrl  even 
when  a  draught-lubc  is  used.  Hence  it  is  exposed  to  moisture  lof 
which  it  is  vulnerable  or  may  actually  be  flooded  in  case  the  tail 
water  backs  up,  as  it  often  does.  Nevertheless  this  plan  is  frequcnth* 
adopted  on  account  of  Its  simplicity  and  its  con\'eniencc  if  moisture 
is  pro^rly  guarded  against.  To  make  any  kind  of  direct  driving 
advantageous  il  is  generally  necessary  thai  a  considerable  heid  of 
30  to  50  feet  or  more  be  available.  Otherwise  the  speed  of  the 
wheel  is  so  low  that  a  corresponding  generator  would  be  luiduly 
expensive.  Furthermore  the  power  of  a  single  wheel  of  reasonable 
diameter  is  not  sufficient  to  run  a  generator  of  the  large  size  usually 
desired.  For  these  reasons  the  arrangement  represented  in  Figs. 
69a  and  69fc  is  commonly  adopted  for  low  heads,  several  wheels 
being  used  to  give  enough  power  for  one  generator  and  bevel  gearing 
introduced  to  multiply  the  speed  ts  well  as  to  change  (he  direction 
of  motion.  \\X\cn  generators  arc  driven  by  Pchon  or  other  forms 
of  tangential  water-wheels,  it  is  almost  universal  practice  to  couple 
them  together  as  illustrated  in  Fig  72.  In  many  cases  each  machine 
is  complete  in  itself  and  the  two  arc  placed  on  a  cast-iron  bed-plate. 
Somctiaics  one  of  the  four  bearings  is  omitted,  requiring  the  arma- 
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lure  lo  be  rigidly  mounted  upon  or  connected  to  the  shaft.  Rigid 
cxiuplings  arc  often  used  for  direct  coupling,  or  flexible  couplings 
similar  to  that  shown  in  Fig.  75  may  be  employed  with  four  bear- 
ings. In  practically  all  cases  the  head  is  sufficient  to  give  the 
requisite  speed  and  power  'nith  a  single  tangential  wheel. 

Tht  direct  driving  oj  a  generator  by  a  steam-  or  gas-engine  is  accom- 
plished in  several  ways,  the  simplest  of  which  consists  in  mounting 
the  armature  of  the  generator  on  one  end  of  the  engine-shaft,  for 
example,  in  Fig.  43  the  pulley  on  the  farther  side  of  a  center-crank 
engine  may  be  replaced  by  the  armature,  in  which  case  there  are 
only  two  bearings.    Very  often  another  bearing  is  applied  outside 


ng,  74.     n«  Horritburv  Standard  Cajflm  Ofmtt^  Cwm^vtrd  to  69ntratwt. 

of  the  armature,  producing  what  is  known  as  the  three-bearing 
amingcmenl,  also  with  center  crank.  In  other  cases  the  armature 
is  mounted  alongside  of  the  governor-wheel,  as  illustrated  in  Fig.  74, 
only  two  bearings  being  required,  and  the  engine  of  the  side-crank 
l>T>c. 

For  lai^  engines  which  are  usually  cross-compound  tne  general 
construction  represented  on  pages  157  and  179  is  often  adopted, 
the  armature  as  well  as  the  fly-wheel  being  mounted  on  the  shaft 
between  the  housings  of  the  high-  and  low-pressure  cylinders.  In 
other  instances  the  armature  is  motmtcd  on  one  of  the  shafts,  even 
in  the  largest  sizes,  as  sho^^Ti  on  pages  4S  and  49.  For  smaller  sizes 
of  direct -connected  imils  from  25  lo  200  K.W.  the  standardization 
recommended  by  the  American  Society  of  Mechanical  Enginceis 
has  already  been  given  on  page  178. 
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Direct  coupling  comprises  an  engine  and  a  generator;  each  cor 
plete  in  itself,  and  each  having  two  bearings,  coupled  together  by 
some  mechanical  connection,  which  may  be  either  rigid  or  slightly 
tlas:ic  or  adjustable.  In  the  first  case,  the  two  shafls  are  praclically 
cquivak'nl  to  a  single  shaft;  in  fact,  ihey  might  be  made  in  that  form, 
but  it  would  be  ver>-  inconvenient  in  replacing  or  repairing  ci.hcr 
the  engine  or  the  generator,  wherea-^  the  mere  connecting  of  entirely 
distinct  machines  affords  great  advantages  in  this  respect.  It  is 
somewhat  difficult  to  adjust  three  or  four  bearings  exactly  in  line; 
nevertheless  it  can  be  accomplished  wi:h  care  and  good  work- 
manship. 

The  interposition  of  a  coupling  having  more  or  less  flexibilily 
avoids  the  necessity  for  perfectly  aligning  the  bearings  of  both. 


ftf.  79.    fifjilbti  CoufHtng. 

machines,  and  also  the  serious  difficulties  which  arise  if  any  of  the 
bt-arings  settle  or  wt-ar  more  than  the  others.     There  arc  numerous^ 
forms  of  such  flexible  or  adjustable  couplings,  one  of  which,  thaljH 
woulil  allow  for  very  im|H"rfect  alignment  of  the  two  shafts,  is  repre- 
sented in  Fig.  75,  and  nmsisis  of  a  wheel  and  a  .spider,  one  rigidly 
mounted  on  each  shaft.     Both   arc    provided  wi.h  pins,  which  arc 
connected  by  springs.     Besides  taking  care  of  differences  in  align- 
ment, a    flexible  coupling  tends  lo  reduce  fluctuations  in  angular 
velocity  due  to  gas-  or  steam-engines,  especially  if  the  armature  is^ 
heavy  or  has  a  fly-wheel  attached.  H 

An   ordinary  friction  clutch  or  a  magnetic  clutch  (Figs.  79  and 
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SO)  b  a  convenient  means  for  directly  coupling  an  engine  and 
generator.  It  is  easily  applied,  being  especially  designed  to  connect 
v€}  shafts  together,  and  has  the  advantage  over  almost  any  other 
►upling  of  being  readily  disconnected,  so  that  one  or  more  gcn- 
i-'.ors  can  be  stopped  without  interfering  with  the  engines. 
T*Fi.csc  forms  of  clutch  will  be<iescribed  later  in  the  present  chapter. 
Direct  driving  unth  steam-titrbiMS  has  already  been  considered — 
l^ic;  de  Laval  arrangement  having  been  shown  and  described  on 
pa^c  185,  the  armature  being  mounted  upon  the  prolongation  of 
't*o  shaft  J  of  the  Parsons  turbine  on  page  188,  and  the  Curtis  con- 
jStruction  having  beeu  illustrated  on  page  192. 


If  the  generator  is  not  directly  driven  by  the  engine  or  source  of 

Iick^er,  it  is  usually  connected  by  some  form  of  !x"lting.     In  fact, 

filing  was  almost   universally  employed  until  about   1802.    The 

s^plicity,  compactness,  and  positive  action  of  direct  driving  have 

Qusfd  it  to  become  the  approved  mclhod,  and  belting  has  become 

unpopular.     Nevertheless,  belling  is  still  utilized  in  a  number  of 

DiiSanLes,  more  often  for  smaller  machines  but  in  some  cases  for 

large  ones.     One  reason  for  the  continued  use  of  belt-driven  gen- 

"ators  is  the  fact  that  they  can  be  applied  to  second-hand  engines 

or  those  already  on  hand  that  were  not  designed  for  direct  driving. 

Greaier  fiexibility  in  the  original  design  of  a  plant  is  possible  and 

***  arrangements  of  old  apparatus  can  be  made  at  any  time.    The 

'dvuitagf5  of  belting  in  general  are: — 

1'  It  ^vcft  almost  any  desired  ratio  of  speH  simply  and  CDnvenicntly. 

2-  ll  b  cheap  itself  and  an  account  of  highi^T  speed  enables  a  chfa[M>r  generator 

^  U  b  applicable  to  almost  any  rase  provided  the  space  is  sufficient. 
!•  Tht  machin*^  arc  almost  entirety  independent,  so  that  either  can  be  changed, 
'*''"»'i  or  operated  vrithout  intcrfcrinK  with  the  other, 
S-  Tbc  gcoentor  a  insulated  lo  far  u  the  belting  is  concerned. 

T^  ^ncral  disadvantages  of  belting  arc: — 

'  I'  i«<^uirv«  constlcrable  space,  since  the  machines  must  be  placed  a  certain 
^*'**  •p»n  in  order  to  make  the  bell  work  properly. 

*'  nit  Klioo  is  not  positive,  there  bring  a  cerlnin  slip  even  in  normal  working. 
*" •nh o»Bt load  or  other  trouble  the  belt  may  run  <iff  nr  break. 

^dtsigii  scimcwbal  unsteady  in  action   and  likely  to  cause  sli^t  fluctun,tievn» 

•••perf  tad  vt^tage  of  generators  on  account  of  its  slipping  or  ftapYnn^.    TVh?. 
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is  objcctionaMe,  puticularly  in  incandescent  lighting;  faut  it  can  usually  ^x  BVDi(]e«l 
by  proper  design. 

4.  Belting  produces  a  certain  amount  of  noise  which  mi^t  be  objectionable    is 
«amc  cases,  and  would  be  a  reason  fur  the  adoption  of  direct  driving. 

5.  Belts  cxrrt  a  sicJc  [rull  on  the  bearings  which  produces  to&s  uf  power  by  tx^c- 
tion,  alsa  wear  Howi'vcT,  ihcrc  are  many  geiterators  that  have  bcco  running  Cot 
\-cars  without  nhowing  any  considerable  wear  from  this  caufte. 

The  following  tabic  shows  the  principal  kinds  of  belling  itmat 
may  be  employed,  a  description  of  each  being  given  aftemarda. 


KINDS   OF   BELTING. 


1.  Lkathc  (flat)   -}  ^^12t^^^ 

{  Hemp, 

2.  ROPK <   Colinn, 

(  Rawhide. 
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Other  kinds  of  belting  have  been  used,  such  as  rubber,  colto«> 
cotton -leather,  leather-link,  etc.,  being  substitutes  for  plain  leather. 

Plain  Leather  Belting  is  generally  the  most  reliable  and  sal/<- 
faclory.  Tlicrc  are  three  standard  thicknesses — single,  llghi-doubU", 
and  double.  For  driving  generators  or  other  high-speed  machiner>', 
"light-double"  belting  is  usually  best. 

The  amount  of  power  that  a  given  bt-It  is  capable  of  iransmilti 
is  a  matter  that  is  not  verj'  definite.     TTie  ordinary  rule  is  that 
"single"  belt  will  transmit  1  horse-power  for  each  inch  in  wid.h 
at  a  six^ed  of  1,000  feet  per  minute.    If  the  speed  be  greater 
less,  the  power  is  correspondingly  increased  or  decreased. 

This  rule  is  based  upon  the  condition  that  the  belt  is  in  contact 
with  the  pulley  around  one-half  of  ils  circumference,  or  ISO",  which 
is  usually  the  case.  If  the  arc  of  contact  is  less  than  half  a  circle, 
the  power  transmitted  is  less  in  the  following  proponion:  .\n  arc  o{ 
contact  of  1.35**,  or  three-eighths  of  the  whole  circumference,  giiB 
.84,  while  90'*  gives  only  .64  of  the  power  derived  from  a  bell-con- 
tact of  ISO**. 

If,  on  the  other  hand,  the  upper  side  of  the  bell  sags  dowTiw; 
and  the  belt  is  in  contact  with  more'  than  half  of  the  circumfere 
of  the  pulley,  then  the  grip  is  increased,  and  more  power  can 
transmitted.    These  facts  make  it  v^ts  desirable  to  have  the  /dojw 
SK^f  o]  the  belt  on  top.    If  the  loose  side  is  below,  it  sags 
from  the  pulleys,  and  is  UVcly  Vo  sItIWc  \\wt  floot. 
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The  expression  for  determining  the  width  of  a  single  beh  requirctT 
ito  transmit  a  given  horsepower  is 


H.P.X1000 
^~      CXS     ' 


"^^  which  W  is  the  width  in  inches.  H.P.  the  horse-power  to  be 
*f^ansmitted,  C  a  factor  depending  upon  the  arc  of  contact,  5  the 
^Pctd  of  the  bcit  in  feet  per  minu'e,  which  is  ecimil  to  ihc  circum- 
''^'"aicc  in  feet  of  the  dri\'ing  pulky  multiplied  by  the  r.p.m.  Belts 
^'■ip  or  "creep"  on  ihc  pulley  iilHJuI  2  ]x;r  cent;   hence  the  proper 

t"*"^of  pulley  should  give  a  calculated  belt  speed  2  per  cent  too  high. 
*'DoubIe*'  belting  is  expccled  to  transmit  one  and  one-half,  and 
»ght-doublc'*onc  and  one-quarter,  limes  as  much  power  as  "  single " 
Iting  of  the  same  width.  Belting  formulas  are  only  approximate, 
*-*»<]  should  not  be  applied  ten)  rigidly,  since  the  grip  of  the  belt 
"^licn  the  puDcy  varies  considerably  under  different  condi;ions  of 
^^tision,  length  of  service,  moisture  in  the  atmosphere,  etc. 

The  smooth  side  of  a  bell  should  always  be  run  against  the 
pulley,  as  it  transmits  more  power  and  is  more  durable.  The 
common  idea  thai  the  rough  side  of  a  belt  "has  more  friction" 
is  entirely  erroneous. 

Generator  or  other  high-speed  belts  shoukl  be  made  "endless" 

WpcrmaneJit  work;  but  may  be  used  with  laced  joints  temporarily. 

It  B  best  to  order  an  endless  belt  of  the  right  Icng  h  from  the  manu* 

fecurcr;    but  if  ncccssar\-  i    may  be  spliced  with  ordinar)'  skilL 

BoJi  ends  of  the  beh  are  pared  down  on  one  side  (opposite)  with  a 

siiarp  knife  into  the  form  of  a  long,  thin  wedge,  so  that  when  laid 

t'lgcther  a  long  uniform  joint  i.s  obtained  of  the  same  thickness  as 

ll*c  bell  itself.    The  parts  aa*  then  tirmly  joined  by  cement  and 

'en  with  nwAs  also.     It  may  be  necessar\-  to  splice  or  lace  albeit 

tic  in  position  on  the  pulleys,  and  for  that  purpose  some  form 

Irh-clamp  (Fig.  76)  should  be  employed. 

If  a  bell  is  ordered  to  be  made  endless,  or  is  spliced  away  from 

pulleys,  great  care  should  be  exercised  in  measuring  the  exact 

h  required.      The  best  way  to  avoid  a  mistake  is  to  use  string 

rill  not  stretch,  or  preferably  a  wire  put  around  (he  pullcj-s  in 

ition  to  be  occupied  by  the  bel*.    In  measuring  for  a  bcl., 

ncrator  should  be  moved  on  its  sliding  base  so  as  Vo  vnaVc  \\vc 
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distance  the  shortest,  in  order  to  allow  for  the  stretch  of  the  beltj 
■which  usually  amounts  to  from  }  to  i  inch  per  foot  of  total  length. 


f'f.  70.    &»it  Clamp. 

The  lacing  of  a  hdt  is  a  simple  and  common  method  of  making  a 
joint.  At  high  speeds,  however,  a  laccd  joint  k  apt  to  pound  on 
the  pulleys,  producing  noise,  and  in  the  case  of  incandescent  lamps 
it  causes  nirkcring;  nevertheless,  its  simplicity  and  reliability  make 
it  allowable  in  an  emergency  or  for  temporary  use. 

In  lacing  belts  the  ends  should  be  cut  perfectly  square,  and 
there  should  be  as  many  stitches  of  the  lacer  slanting  to  the  left  as 
there  are  to  the  right;  otherwise  the  ends  of  the  beU  will  shift  side- 
waj-s,  owing  to  the  unequal  strain,  and  the  projecting  comers  may 
catch  the  clothing  of  persons.  There  are  \'arious  methods  of  lacing, 
one  of  which  is  shown  in  Fig.  77.     In  this  case  two  rows  of  holes  are 


MtfADrf  of  Lacing  BtlU. 

made  with  a  punch  in  each  end.    The  nearest  hole  should  be  J  inch 
from  the  side,  and  the  first  row  \  inch  from  the  (md,  and  the  seco; 
row  1}  inch  from  the  end  of  the  belt.     In  large  belts  these  dlslan 
should  be  a  Hlilc  greater.    A  regular  bch  lacing  (a  strong,  pliabl 
strip  of  leather)  should  be  used,  beginning  at  hole  No.  1  and  passing 
consecutively  through  all  the  holes  as  numbered.    Very  often, 
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otalaHy  for  smaller  sizes,  only  a  single  row  of  holes  is  made  in  each 
end  of  a  belt. 

■         Perforated  hells  are  often  used  for  the  reason  that  a  film  of  air 

IS    likely  lo  be  imprisoned   between  the  belt  and  the  pulley  prevenl- 

ing  a  good  grip.      Hence  small  perforations  arc  sometimes    made 

in     the  bcU,  especially  for  high-speed  operation  (above  2,500  feet 

per  minute),  to  allow  the  air  to  escape;   and  since  these  are  in  the 

form  of  narrow  slits,  with  their  longest  dimension  in  the  direction 

of  the  length  of  the  belt,  they  do  not  niaierially  reduce  iif-  strength. 

Arrangement  and  Care   of  Beiting.—^ll   is  ver\'  desirable,   for 
^^tisfactor)'  running,  that  behs  should  be  reasonably  long  and  nearly 
^oruonial.     If  it  is  absolutely  nccessar\'  to  connect  pulleys  at  differ- 
cot  le\'cls,  the  belt  should  be  as  nearly  horizontal  as  possible,  and 
^^oyld  make  an  angle  of  at  least  45°  with  the  vertical,  if  possible; 
^Ibcrftise  it  will  not  be  likely  to  work  well  for  more  than  a  few  horse- 
Power.    The  distance  between  the  centers  of  two  belt-connected 
PuDeys  should  be  at  least  3  times  the  diameter  of  the  larger  pulley. 
*he  beh  should  be  just  tight  enough  to  avoid  slipping,  without 
draining  the  shaft  or  bearings.    A  new  belt  will  not  cany  as  much. 
Power  as  one  that  has  been  properly  used  for  a  few  months. 

The  generator  shaft  and  the  shaft  to  which  it  is  lo  be  belted" 
**iusl  be  placed  perfectly  parallel,  and  the  centers  of  the  two  pulleys 
^ust  be  exactly  opposite  to  each  other.  The  machine  should  then. 
W  turned  slowly  with  the  belt  on,  to  see  if  the  latter  tends  to  run  to  one 
siflc  of  the  pulley,  which  would  show  that  the  machine  is  not  yet 
properly  "lined  up;"  and  in  this  case  it  should  be  slightly  moved 
^wil  ihe  belt  runs  properly. 

Bells  should  be  as  pliable  as  possible;  hence  the  occa.s!onal  use 
^vmt  good  belt-dressing  is  recommended,  especially  as  it  [xmnits 
^  belt  to  be  nm  with  less  tension.  Rosin  is  somctimt-i  applie<l 
lo  increase  the  adhesion;  but  this  is  a  practice  allowable  only  in 
W  aneigency,  as  it  may  destroy  the  bell  surface.  In  places  where 
^  are  likely  to  catch  in  the  clothing  of  any  person,  belts  should 
be  iodosed  by  a  casing  or  railing. 

soPB-DBinxro. 

Tbc  rope  runs  in  V-sha|)ed  grooves  in  the  peripheries  of  the  pulley's, 
d  in  some  cases  this  means  of  driving  is  preferable  lo  vcvj  ox\\et. 
The  advantages  of  rope-driving  are:— 
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1.  It  is  cheap. 

2.  More  power  can  be  transfflitlcd  with  a  given  diameter  and  width  of  puUey*  oq 
account  of  the  incTvaMd  grip  in  the  V  grooYcs.  a 

3.  It  is  almost  noiseless.  ■ 

4.  Ropes  can  be  used  by  rca»on  oF  their  lightness  to  mnsmit  power  over  greater 
distances  than  with  any  other  form  n[  belling. 

5.  Rope  belting  can  also  be  employed  tor  very  short  distances  because  of  the  wedg- 
ing action  in  tbe  groovea.  ■ 

The  lirst  of  the  above  ad\*antaffes — cheapness  of  the  rope  ilsclf-^ 
is  offset  by  the  fact  that  grooved  pulleys  cost  more  than  those  for  a 
flat  belt,  hence  the  total  cost  is  about  the  same.  fl 

Manila  rope  is  generally  preferred  for  transmitting  power,  but 
cotton,  rawhide,  and  wire  ropes  are  also  used.  The  first  has  an 
ultimate  strength  of  7,000  to  12,000  lbs.  per  squan.*  inth  of  cross- 
section,  but  this  is  not  important,  since  a  driving-rope  transmits 
only  3  to  5  per  cent  of  its  tensile  strength.  Durability  is  the  chief 
point,  since  rope  bells  are  rather  likely  to  break  owing  to  internal 
wear  between  the  fibers  ami  failure  of  the  splice. 

The  diameter  of  a  single  rope  necessary  to  transmit  a  required 
H.P.  is  given  by  the  following  formula: — 


D 


825  H.P, 


'H-w)' 


J 


in  which  H.P.  is  hoise-powcr  transmitted,  V  is  velocity  of  rope  io^ 
feet  per  second,  and  D  is  its  diameter  in  inches.  ^| 

The  maximum  power  is  obtained  in  rope-driving  at  a  speed  of 
SO  or  90  feet  per  second.     With  higher  velocities  the  centrifugal 
force  becomes  so  great  that  the  power  decreases  rapidly,  and  at 
140  or  150  feel  per  second  it  counteracts  the  whole  allowable  tcnsic 
(usually  about  200  />'  lbs.)  and  no  power  is  tran.smitted. 

Arrangement  of  Ropc-Drix^ing. — There  are  two  methods  of  arranj 
ing  rope  transmission:  one  consists  in  using  several  separate  belt 
and  the  other  employs  a  single  endless  rope  which  passes  spirally 
around  tbc  pulleys  se\*eral  limes  and  is  brought-  back  to  the  first 
groove  by  a  slanting  idle  pulley,  the  latter  bcmg  called  the  "  wound  " 
system.  The  separate  ropes  do  not  require  the  carrj-ing-ovcr  pulley, 
and  if  one  rope  breaks  those  remaining  arc  sufficient  to  transmit 
the  power  temporarily,  whereas  an  accident  wiih  the  single-rope 
[A/Tangement    entirely    inlcmipis  xiic   ^atsNcs.   Tfet  cMx^\n!^-<swx^ 
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pulley  is  often  mounted  in  bearings  which  can  be  moved  by  a  screw 
or  weight  so  that  it  can  be  used  as  a  bell  Ughlcncr;  but  since  belt- 
dri\-cn  gcneratoni  are  almost  alwaj'S  mounted  upon  sliding  base», 
this  advantage  is  not  of  so  much  value  as  in  the  case  of  other  kinds 
of  machiner)".  The  difficulty  wtih  separate  ropes  is  the  necessity 
for  making  several  splices,  and  the  fact  thai  it  is  practically  imixissible 
to  make  and  maintain  the  belts  of  exactly  equal  length;  consequently 
ihcy  arc  of  uncijual  tension,  and  hang  at  different  heights  on  the 
slack  side,  producing  an  awkwani  appearance,  even  if  it  causes 
little  difference  in  actual  working.  The  single  rope  is  often  sup- 
posed to  have  a  perfectly  uniform  tension  in  all  parts;  but  it  is 
evident  that  if  there  is  the  slightest  slip,  the  rope  will  be  lighter  in 
the  first  groove  than  it  will  be  in  ihc  last :  this  variation  is  regular,  how- 
^■.cver,  and  is  less  unsightly  than  the  very  uneven  sag  of  separate  ropes. 
^1  Shafting. — An  intermediate  or  counter-shaft  is  undesirable, 
^»«ince  it  increases  the  complication  and  friction  losses;  but  ii  is  used 
[  in  some  electrical  plants,  especially  old  ones,  either  lo  obtain  a  greater 
multiplication  of  speed  than  is  possible  by  belting  directly  or  to 
enable  a  single  engine  to  drive  a  number  of  generators;  as,  for  exam- 
fc      pie,  in  arc-lighting  stations. 

^1        The    two    important  kinds  of  shafting  are  '*coId-roHed*'  and 
^^  "turned."    The  former  is  rolled  lo  the  exact  size  and  requires  no 
I        further  irealment.    It  has  the  advantage  of  a  smooth,  hard  sur- 
face, but  is  difficult  lo  make  perfectly  true  and  straight;    and  if 
any  portion  of  the  surface  is  removed  lo  make  a  key-way,  for  exam- 
I        pie,  it  is  apt  to  cause  the  shaft  to  bend,  owing  to  unequal  internal 
stresses.     Turned-steel  shafting  is  most  commonly  employed,  and 
has  the  advantage  that  shoulders,  journals,  or  other  variations  in 
size  can  easily  be  made  in  il.    The  following  table  gives  the  ordinary 
data  of  shafting: — 
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The  allowable  H.P.  that  ihc  shaft  will  transmit  is  given  in  l] 
table  at  100  r.p.m.;   for  any  other  speed  the  power  varies  in  pi 
portion;  that  is,  at  200  r.p.m.  it  would  be  twice  as  great.    It  b  r».< 
convenient  to  make  or  use  shafting  in  greater  lengths  than  25  f«2r 
for  sizes  from  about  1^\  to  3iV  inches  diameter;  for  larger  or  smaLX 
sizes  it  is  desirable  to  have  the  lengths  still  less.    They  are  connect.- 
by  some  of  the  following  forms  of  coupling. 

Shaft  Couplings. — There  are  two  classes  of  these  devices 
rigid  and  detachable.  The  ordinarj*  rigid  coupling  is  the  flarTS~.Sc 
tjTJe  shown  at  3/  in  Fig.  57,  which  should  be  secured  to  the  two  ^hf^  -fts 
by  tai>erfd  keys.  The  plain  sleeve  coupling  consists  of  a  lube  ^ 
which  the  ends  of  the  shafts  are  held  by  set-screws  or  keys,  but  t  '^"^  *s 
form  is  not  so  easily  disconnected  or  removed.  The  clamp  or  a*'*"'"* 
pression  couplings,  of  which  there  are  many  forms,  simply  grip  *  J^e 
shafts  by  screw  pressuri-.  They  possess  the  advantages  of  bei-*'^8 
easily  put  on  or  taken  off,  and  do  not  require  holes  or  slots  lo  fc^ 
cut  in  the  shaft. 

The  simplest  form  of  detachable  coupling  is  the  jaw  or  "gra 
dutch  represented  In  Fig.  78.      Il  consists  of  a  jaw  which  sUci' 


Af.  79.    Jam  Clutok. 

lengthwise  on  one  of  the  shafts,  and  is  caused  to  revolw  with  i*  by 
leather  and  slot;  this  engages  wiih  a  similar  jaw  rigidly  allacH* 
to  the  other  shaft.  This  clutch  enables  shafts  to  be  easily  connect*-^ 
or  disconnected  while  standing  still,  or  even  to  be  thrown  out  of  jg^-^^ 
while  in  motion;  but  it  is  obviously  too  sudden  in  its  action  to  *^ 
used  for  connecting  a  shaft  to  one  already  running.  For  the  latt  '^- 
purpose  some  form  of  friction  or  magnetic  clutch  is  used. 

Friction  clutches  are  made  in  many  different  styles,  the  US' 
orrdJi^ements  consisting  of  an  inner  ring  which  is  expanded  agaf^ 
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fig.  70.    Frtetioi*  Clutck  Puiltf. 


^m  outer  ring;  a  rim  which  is  grasped  by  jaw's;  or  two  cones  that 
are  forced  together.  The  force  is  obtained  by  screws  or  toggle 
joints.     Fig.  79  shows  one  lype  in  which  jaws  airrJed  by  the  shaft 

^■re  caused  to  grasp  a  rim  cast  upon 

^the  pulley,  the  latter  being  mounted 
to  turn  freely  upon  the  shaft  when 

^thc  clutch   is   released.    The   outer 

l&aw    on  one  side  is  carried  by  the 

^feaiie  arm  as  the  inner  jaw  on  the 
other  side;  hence  the  grip  is  obtained 
"by  moving  one  arm  upward  and  the 
other  downward  by  means  of  the 
toggle  operated  by  the  collar  on  the 

left,  which,  in  turn,  is  caused  to  slide  on  the  shaft  by  a  fork  and 
lever  controlled  by  hand.  If  used  as  a  simple  friction  clutch  to  con- 
nc<:l  two  shafts,  no  pulley  is  required,  the  rim  being  rigidly  mounted 
u|K)n  one  shaft  and  th»  jaws  upon  the  other.  The  jaws  are  adjust- 
sl\}\c  and  are  lined  with  renewable  pieces  of  maple. 

^K      Magnetic  Clutches. — ^The    substitution    of    magnetic    attraction 

^^3r  ordinar>'  mechanical  force,  to  obtain  the  friction  required  in  a 
clutch,  secures  several  decided  advantages.  The  most  imponani 
is  the  fact  that  the  pressure  is  self  contained,  the  attraction  being 
exerted  only  between  the  friction  surfaces,  without  the  end  thrust  or 

Kxtenial  force  involved  in  all  mechanical  clutches.    Complication 
€  levers  and  pi\-ots  is  avoided,  the  parts  being  few  and  simple.    A  ' 
•/lagnetic  clutch  can  be  controlled  from  a  distance  and  at  several 
points.    It  is  lighter  and  occupies  less  space  for  a  given  power 
transmitted.    The  form  devised  by  Mr.  B.  J.  .\mold,  represented 
in  Fig.  80,  consists  of  two  cast-stecl  rings  A  and  B  carried  on  steel 
wchs  E  and  F  which  arc  bolted  to  the  hubs  G  and  //  fixed  on  the 
^^shafts  /  and  A'  to  be  coupled.    The  magnetizing  coil  \f  is  located 
^Vt)  an  annular  slot  in  the  field  ring  A,  and  is  supplied  with  current 
through   insulated   rings  on  G.      A  brush-holder  (not    »hown)   L; 
*ttachcd  to  the  fli>or,  wall,  or  ceiling.    The  armature  B  Is  separated 
■ic  to  j'b  inch  from  the  field  A^  according  to  size,  when  no  magnetizing 
^^^Tient  flfjws.    But  the  elasticity  of  the  webs  E  and  F  allow  the 
"^M  and  armature  to  .spring  together  when  the  circuit  is  closed,  the 
'^^gnetic  attraction  holding  the  two  in  contact  with  great  force.     \t\ 
•^tuold  clutch  48  inches  in  diameter  will  transmit  22^  "H.^.  a.X.  I'CKi 
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r.p.m.  and  consumes  2.58  amperes  at  110  volts  or  284  watts,  bein 
less  than  ^  of  1  per  cent.     Several  large  electrical  plants  in  Chicagi 


Hg.  80.    Arnold  Magatth  ClaU*. 


St.  Louis,  and  other  places  employ  these  clutches  to  connect  tt 

various  engines  and  generators. 
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CHAPTER    XVI. 

PRINOIPLBS   OF  DYNAMO-ELflCTRIO   MAOHINItS. 

Introduction. — The  history  of  these  machines  lias  already  been 
[{^ven  in  the  general  histon*  of  electric  Hghling  in  Chapter  11. 

A  dynamo-eUclric  generaior  is  a  ma4:hme  jor  converting  mechani- 
cd  energy  into  eiectrkd  energy  by  causing  conductors  to  move  in  a 
magnelic  field,  or  vice  versa.    These  machines  operate  according 

I  to  the  principle  of  magneto- electric  induction  discovered  by  Fara- 
<iay  in  1831. 
Before  taking  up  the  consideration  of  the  machines  themselves, 
it  is  proper  to  give  the  principles  of  electro-magnetism,  which  play 
an  important  part  in  their  construction  and  action. 
H  Magnetic  Field. — If  an  ordinary  pennanent  magnet  be  ap- 
proached by  a  small  piece  of  iron  or  steel  suspended  on  a  thread, 
it  will  be  attracted  by  the  magnet.  The  space  near  the  magnet  in 
which  this  phenomenon  takes  place  is  called  the  magnetic  field,  or 
simply  the  "field."  This  region  has  no  definite  limits,  since  the 
distance  at  which  magnetic  effects  can  be  obtained  depends  upon 
the  sensitiveness  of  the  instrument  used.  Delicate  galvanometer 
lecdlcs,  for  example,  may  be  deflected  perceptibly  at  a  distance 
'of  several  hundred  feet  from  the  field-magnet  of  a  large  dvTiamo. 
It  is  customary,  however,  to  consider  the  field  as  being  confined 
to  the  immediate  neighborhood  of  the  magnet  where  the  effect 
i*  strong.  The  extremities  of  a  magnet  usually  exhibit  magnetic 
P>"^opcrtics  more  powerfully  than  ihc  middle  [Hjrtions,  and  are 
"^^Jled  the  poles.  Magnetism  is  commonly  regarded  as  consisting 
^^  a  number  of  "lines  of  force"  or  "tubes  of  force."  This  con- 
^■^F^iiun  was  suggested  by  the  lines  in  which  iron  filings  arrange 
y**^Jnsclve5  under  the  influence  of  a  magnet,  the  direction  and 
™t.casity  of  the  field  being  represented  by  tlie  direction  and  number 
^^  Ihe  lines.  This  idea  is  often  very  convenient,  but  should  not  be 
■■^^n  too  literally,  as  it  sometimes  leads  to  wrong  no^oTi%. 
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The  Magnetic  Circuit. — To  localize  and  strengthen  the  magnetic 
liclcl,  as  well  as  to  economize  the  wire  and  current  required,  the 

magnets  of  generators  or  other  electro- 
magnetic api>aratus  are  arranged  in  such 
a  form  that  the  path  of  the  lines  is  as 
nearly  as  possible  a  closed  circuit;  that 
is,  for  the  most  part  in  iron,  only  a  suf- 
ficient air-gap  being  left  for  the  inductors 
and  the  clearance  which  they  require  for 
free  motion.  In  Fig.  81  the  general 
form  of  Ihe  magnetic  circuit  of  a  bipolar 
dynamo  is  shown,  CC  l>eing  the  magnttic 
cores,  upon  which  arc  wound  or  placed 
the  calls  or  bobbins  of  copper  wire  BB  m 
through  which  the  exciting  current  flows.  Y  is  the  yoke  which 
comiects  Ihe  two  cores,  and  forms  with  them  the  *' horseshoe" 
type  of  magnet.  The  extremities  of  the  magnet  are  provided  with 
Poic- pieces  PP,  which  are  bored  out  or  shaped  to  receive  the  armature, 
which  consists  of  the  armature  core  a  and  frnnaiure  amdtutors  or 
"winding"  W, 

Various  other  forms  of  magnet  are  used,  but  in  almost  every 
case  they  are  equivalent  to  the  horseshoe  form  shown;  and  even 
with  multipoiar  field-magnets,  that  is,  those  having  more  than  two 
poles,  it  is  u.sually  possible  to  consider  them  as  being  made  up  of 
several  horse-shoe  magnets,  or,  in  other  words,  two  or  more  tnag- 
netic  circuits. 

Calculations  m  rcgartl  to  the  magnetic  circuit  are  usually  made 
by  means  of  a  formula  analogous  to  Ohm's  law  for  the  electric 
circuit,  this  expression  being: 

„,        Magnetomotive  force 

Flux  =  — '^p-,    . 

Reluctance 


J 


I 


There  is,  however,  one  important  difference  between  this  formula 
and  Ohm's  law;  the  reluctance  is  not  a  constant  or  an  independent 
quantity  like  electrical  resistance.  It  depends  upon  the  value  of 
the  llux,  or  rather  ujjon  the  flux  density.  Hence  it  is  necessary  to 
luiow  the  number  of  lines  of  force  per  square  centimeter  in  the  iron, 
in  order  to  fix  the  value  of  the  reluctance;  whereas  electrical  resist- 
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ancc  has  a  constant  value,  and  is  independent  uf  the  strength  of 
current,  provideil  the  temperature  docs  not  change.  Furthermore, 
magnetic  leakage  is  usually  a  much  lai^er  factor,  and  more  difficult 
to  determine,  than  electrical  leakage. 

Magnetic  Flux. — The  total  f[uantity  of  "induction"  or  field 
in  a  magnetic  circuit  is  called  the  //m.v,  and  is  measured  in  lines  of 
jorce.  The  term  "line  of  force"  was  originally  used  by  Faraday 
in  a  general  sense  to  express  the  direction  and  intensity  of  mag- 
netism in  something  the  same  way  that  the  expression  "  ray  of 
light  '*  is  used.  When  magnetism  came  to  be  mea-surcd  definitely, 
the  line  of  force  was  adopted  as  the  unit  of  magnetic  field  or  flux. 
If  we  follow  the  derivation  of  the  value  of  the  line  of  force,  wc  fmd 
that  a  unit  magnetic  field  exists  at  the  distance  of  one  centimeter 
from  a  unit  magnetic  pole,  the  latter  being  a  pole  of  such  strength 
tliat  it  repels  a  pole  of  equal  strength  with  a  force  of  one  dyne  at  a 
distance  of  one  centimeter.  Each  square  centimeter  of  the  surface 
of  an  imaginar)'  sphere  with  one  centimeter  radius  described  about 
a  unit  pole  will  contain  a  flux  of  one  line  of  force;  and  since  the 
total  surface  of  the  sphere  is  4;:,  it  follows  that  4;r,  or  12.57  lines, 
emanate  from  a  unit  pole.  This  somewhat  indirect  definition  is  made 
much  shorter  and  more  convenient  by  simply  slating  that  one  hun- 
dred million  lines  of  force  cut  per  second  generate  one  volt  E.M.F. 
Since  the  values  of  the  volt  and  other  electrical  units  have  been 
defined  and  legalized  internationally,  it  is  proper  to  base  the 
magnetic  units  directly  upon  the  electrical  ones.  Very  frequently, 
instead  of  considering  the  total  flux  we  treat  the  /fux  density,  or 
inicn^ty  of  magnetic  field;  that  is,  the  number  of  lines  of  force  per 
square  centimeter.  This  quantity  multiplied  hiy  the  area  of  the 
field  or  cross-section  of  the  magnet  gives  the  total  flux.  The  maxi- 
mum flux  density  commonly  used  in  practice  is  from  14,000  to 
16,000  lines  of  force  per  square  centimeter  (90,300  to  103,200  per 
square  inch)  for  wrought  iron,  and  from  6,000  to  7,000,  or  about 
one-half  as  much,  for  cast  iron.  These  values  are  what  arc  called 
"practical  saturation,"  beyond  which  it  is  not  ordinarily  economical 
to  go.  As  a  matter  of  fact,  however,  Ewing  and  other  experimenters 
have  forced  magnetic  density  as  high  as  43,000  lines  of  force  per 
square  centimeter.  On  the  other  hand,  in  alternating-current  trans- 
formers the  ordinary  flux  density  ha^  a  maximum  value  of  only  4,000 
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10  6,000  lines,  in  order  that  the  loss  due  to  hysteresis  shall  not  be 
excessive-  J 

Magnetomotive  Force,  or  Difference  of  Magnetic  Potential.— 
This  depends  directly  upon  the  amprrf-lurns;  that  is,  upon  the  prod- 
uct of  the  number  of  turns  of  wire,  and  the  number  of  amperes 
flowing  through  them — in  fad,  M.M.F.  is  often  given  in  terms  of 
the  ampcre-lums  simply;  but,  strictly  speaking,  the  C.G.S.  value 
of  M.MS,  is  1.257  times  the  ampere  turns.  This  is  because  the 
difference  of  magnetic  potential  on  opposite  sides  of  a  turn  of  wire 
is  equal  to  4k  limes  the  current  llowing  in  the  wire;  and  since  the 
VDpcre  is  one-tenth  of  the  absolute  unit  of  current,  it  follows  that 

the  ampcre*tum5  must  be  multiplied  by  — ,  or  1.257,  to  obtain 

the  C.G.S.  value  of  the  magnetomotive  force.  The  magnetic  circuits 
of  dynamos  usually  have  from  3,000  to  10,000  ampere-turns, 
depending  upon  the  length  of  the  circuit,  the  air-gaps  between  the 
jHUe-picces  and  the  armature  core,  and  the  materials  of,  and  mag- 
netic density  in,  the  lield-magnct  and  armature. 

Magnetic  Reluctance. — The  unit  of  this  quantity  is  the  reluc- 
lancr  between  opposite  faces  of  one  cubic  centimeter  of  space,  i.e., 
vacuum;  and  as  nearly  all  substances  except  iron  and  steel  have 
pntctieully  the  same  magnetic  aluctance  as  a  vacuum,  it  follows 
that  one  cubic  centimeter  of  almost  any  substance  has  practically 
4XW  unit  of  reluctance.  This  is  true  of  air,  copper,  brass,  wood, 
rapcr,  cotton,  silk,  mica,  or  other  material,  except  iron  or  steel,  that 
tt  lively  to  form  part  of  the  magnetic  circuit.  This  fact,  of  course, 
tfOcU  to  simplify  magnetic  calculations.  The  reluctivity  of  wrought 
i^lA  varies  from  about  .00033  al  a  flux  density  of  4,000  to  .0031 
«t  Ui.OOO  lines  of  force  per  square  centimeter.  .\  few  other 
^iftHfh  besides  iron,  notably  nickel  and  cobalt,  have  a  reluctivity 
<\«jiik'mbly  less  than  unit)';  but  they  are  so  vastly  inferior  to  iron 
^  magnetic  conductors  that  they  are  ver%*  rarely  employed.  It 
^  ab*^  customan'  to  consider  the  ptrmcabiiity  of  iron  and  other 
fs,  this  being  the  reciprocal  of  reluctivity. 

fW.  S2  gives  the  magnetization  cunes  for  wrought  and  cast  iron, 

^ftA  and  sheet  steel,  and  shows  the  relation  between  B,  the 

or  flu-x  density  in  lines  of  force  per  square  centimeter^ 

.  ilk  magnetizing  force  in  ampere-turns  (.A.-T.),  which  mulii- 
'    1.257  gives  the  M.M.F.  in  C.G.S.  units  as  already  explained. 
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At  a  given  density  the  flux  per  square  inch  is  6.45  times  the  flux  per 
square  centimeter,  and  the  A.  T.  necessary  to  produce  this  fiux  den- 
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sity  per  Inch  length  of  material  is  2.54  times  that  required  per 
meter,  these  values  being  also  given  on  the  curve  sheet. 

Calculiitions  relating  to  magnetic  circuits  are  later  set  forth  undc^ 
the  head  of  field  magnets.     It  is  suflficicnt  here  to  consider  the_ 
simple  case  of  a  cast  steel  ring  20  centimeters  internal  and  30  ccntif 
meters  external  diameter,  giving  a  mean  diameter  of  25  centimeters, 
or  7R.5  centimeters  in  circumference.     Assuming  a  flux  density  of 
15,000  lines  per  square  centimeter,  reference  to  Fig.  R2  shows  that 
16  A.-T.  per  centimeter  length  are  required.    Hence  the  magnetizing 
coil  must  have  78.5X16=1256  A.-T.    It  is  not  necessan,*  to  con- 
sider the  cross-section  of  the  ring,  provided  Ihc  flux  density  is  kTiown. 
In  order  lo  determine  the  total  flux,  however,  we  may  assume  that 
the  ring  is  10  centimeters  thick,  giving  a  cross-section  of  10x5  = 
.50  s(|uare  centimeters,  and  a  total  flux  of  50X15,000=750,000 
lines.     The    1256  .\.- T.    retiuircd   may   be   produced   in   any   con- 
venient way;    for  example,    by   1256  turns  carrying  one  amperil 
125.6  turns  rarrj'ing  10  amiK-res,  or  other  ec|uivalent  combination. 

If  llie  ring  were  cut  and  an  air-gap  of  2  centimeters  introduced 
into  the  magnetic  circuit,  thu  additional  M.M.F.  retiuired  to  pro- 
duce the  same  flux  density  would  be  2X15,000  =  30,000  C.G.SA 
units,  which,  divided  by  1.257  =  23,860  A-  T.  This  Is  nearly  twenty 
limes  as  great  as  that  required  by  the  steel  portion  of  the  urcuil 
because  of  the  very  much  lower  permeability  of  air. 

Magnetic  Hysteresis. — When  the  direction  or  density  of  mag 
nelit  flux  in  a  piece  of  iron  is  changed,  a    certain  loss  of  ener 
occurs.    This  Is  due  to  the  fact  that  ihe  value  of  the  flux 
behind,  and  does  not  correspond  exactly  with  variations  in  tl 
M.M.F.     This  phenomenon  is  shown  in  magnetization  cur\'es.     Ii 
Fig.  82,  for  example,  the  value  of  B  would  be  less  in  each  case  fc 
a  given  value  of  H  when  the  latter  is  increasing  than  when  it 
decreasing.     According  to  Steinmetz,*  the  loss  due  to  hysteresis 
represented  by  the  empirical   formula:    H'  =  ]jV/fi'"'',  in  which  W  h 
the  lost  energy  in  walls,  V  the  vohime  of  the  iron  core  in  cubic  centi' 
meters,  /  the  frequency  of  the  magnetic  changes  in  complete  cyd 
per  second,  B  is  the  maximum  value  of  the  flux  den.sity,  and  i;  is" 
a  coeflicient  depending  upon  the  physical  and  chemical  qualilic 
of  the  material.    For  armature  and  transformer  cores  only  the 


621. 


*  "  On  ttic  Law  Df  Hysteresis,"  Tram,  Amer,  Inst,  Biec,  Emg.,  vol.  is.,  pp.  5 
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and  softest  sheet  iron  or  mild  steel  should  be  used,  the  value  of 
7/  for  this  material  being  between  2x10""*  and  3X10"'".  In  most 
field-magnets  the  flux  density  is  practically  constant,  hence  hysteresis 
need  not  be  considered.  The  usual  hysteresis  loss  that  occurs  in 
good  qualities  of  sheet  iron  employed  in  armature  and  transformer 
<ores  may  be  found  from  the  curve  in  Fig.  83. 
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Fig.  BS,    Hystanalt  lota. 

Generation  of  E.M.F. —  Whenever  magnetic  lines  of  force  are 
*^^t  by  a  conductor,  an  E.M.F.  is  set  up  in  it,  the  value  of  which 
is  one  volt  when  100,000,000  lines  are  cut  per  second;  or,  in  other 
^"Ords,  it  depends  solely  upon  the  rale  of  cutting,  so  that  one  volt 
^^  also  set  up  if  1,000,000  Hnes  arc  cut  in  one-hundredth  of  a  second. 
^^  both  cases  the  rate  of  cutting  is  supposed  to  be  uniform  throughout 
the  given  time. 

The  generation  of  E.M.F.  is  absolutely  certain,  no  matter  when 
^^  by  what  process  the  lines  are  cut.  A  current^  however,  is  only 
^'"oduced  when  there  is  a  closed  circuit  in  which  it  niay  flow.  A 
^*^*^ight  bar  of  copper,  for  example,  cutting  across  a  magnetic  field) 
^'<^uld  have  an  E.M.F.  set  up  in  it,  and  an  actual  difference  of 
^lential  would  exist  between  its  ends;  but  there  could  be  no  flow 
^'  current,  except  p(?ssibly  a  very  slight  displacement  current  at 
*^^  moment  when  the  E.M.F.  is  established.    "Wc  s\vo\i\d  c\e:a.tVj 


riFCTtJC  ucjrr/xc. 


tfe  ^aentiao  of  EMS.  mcM  of 
It  iBKj  happen,  abo^  that  t«o  or  morr  opposing  voIt^Bgcs 
[prnfraRrr  cack  other,  w  dat   tfaere  k  no  rurrcnt,  f»m    thc^  i^ 
[Cbe  dimit  is  appigthr  doaed.     For  cxamptr.  when  a  copper    -Ving 
moved   acxnm  »  ""■''■»  ScU,  the  two  hal%Ts  cut   an   ecr^uai 
of  fines  uid  tbe  EMS.  in  one  half  is  exactly  equal 
[pppOKd  to  that  in  the  oCfaer  half  of  tbe  ring.     In  this  case  it  19 

that  the  rii^  i»  not  rotated,  or,  in  other  words,  ts  kept  pai 
to  a  fixed  plane.  Cooacquenttv.  to  generate  an  efiecti%'e  voltage  Aod 
current  in  the  rii^  it  is  necesBaiy  to  rotate  it  or  ha%*e  a  magnetic 
£ekl  thai  varies  in  densitr,  sn  that  one  side  of  the  ring  shall  cut  the 
'lines  in  a  different  direction  or  cut  more  lines  than  the  other.  This 
ex(>tains  the  fact  that  the  flux  in  a  coil  of  wire  must  be  varied  to 
produce  a  current;  or,  in  other  words,  the  coil  must  be  filled  \Wlh, 
and  emptied  of,  lines  of  force,  in  which  case  an  alternating  currvn^ 
is  generated.  This  is  often  stated  so  broadly,  however,  that  it  scenni 
to  mean  that  an  E.M.F.  cannot  l)e  obtained  in  a  uniform  fit'I<J 
As  already  stated,  an  EM  F.  must  be  produced  whenever  magnetic 
lines  arc  cut. 

Elementary  Dynamo. — The  .simplest  form  of  dynamo  consists    *^ 
a  loop  of  wire  arranged  to  rotate  in  a  uniform  magnetic  field.  Fig.  ^"^t 
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ftft  94iutd$S.    £l*m*iit9rf  dlttr^tto*  uM  CtrM  of  C.M.f.  OMcniMrf. 

and  the  generation  of  the  electromotive  force  is  as  follows:  Assum^j 

ytlOx  its  pbm-  jturallcl  to  the  dinsrtion  of  the  flux.    If  '*'*' 

f»  t>  ■!  c<»untcr-clock-wisc  about  its  axis  XY,  the  side* 

1  ^  ..ih  cut  lines  of  force  wUl  have  EMS.'s  imiuccd 

will  tend  to  Bow  in  the  directions  indicated  b\'  tb*^ 

\h.    \  ,luc  of  Xlus  voltage  will  depend  upon  the  spcrl  ^r^ 
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culling,  and  since  this  rate  is  greatest  when  the  plane  of  the 
I)araUel  to  the  lines  of  face,  the  E.M.F.  developed  at  the 
instant  represented  in  Fig.  84  will  be  a  maximum.     As  the  loo[> 
approaches  the  90**  or  vertical  position,  the  voltage  generated  gradu- 
ally reduces  because  the  rate  of  cutting  becomes  less  and  at  the 
9(P  position  reaches  zero.     If  the  rotation  is  continued  the  rate  of 
cutting  gradually  increases  until  the  ISO^  position  is  reached,  where 
it  becomes  a  maximum,  hence  the  E.Sf.F.  then  generated  is  also 
a  maximum.    The  cutting,  however,  is  in   the  opposite  direction 
to  thai  occurring  at   first,  so  that   the  voltage  is  reversed,  being 
negative  with  respect  to  that  developed  during  the  first  011°  rotation. 
Jn  passing  from  the  1S(_>°  to  the  270°  position,  the  rate  of  cutting 
again  decreases  and  the  E.M.i'.  developed  falls  a  second  time  lo 
aero  at  270°.     While  in  the  rotation  from  the  270°  to  the  3(50^ 
position  the  rate  of  cutting  increases  and  the  direction  of  the  EM.F. 
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is  the  same  as  in  the  first  90°  rotation,  the  E.M.F.  rising  once  more 
to  a  maximum  positive  value  at  360°,  which  is  the  same  as  the  orig- 
inal 0°  position.  Plotting  the  various  changes  in  value  of  the  E.M.F. 
we  obtain  a  cur\'e  as  shown  in  Fig.  85.  Such  an  E.M.F.  is  called 
an  aUermUing  one  because  of  its  reversal  from  positive  to  negative 
values,  that  i?,  it  tends  to  produce  a  current  first  in  one  direction 
and  then  in  the  other  direction  through  the  circuit.  If,  however, 
it  is  desired  to  supply  the  external  circuit  with  a  direct  or  continuous 
current  or  E.M.F.  a  special  device  called  a  commutator  must  be 
employed.  In  its  simplest  form  the  commutator  consists  of  a  metal- 
lic tube,  slit  longitudinally  into  two  ec|ual  parts,  and  mounted  on  a 
cylinder  of  insulating  material,  each  half  being  connected  (o  one 
terminal  oS  the  loop,  as  indicated  in  Fig.  8fi.     \g,a,vn>sV  vVia  cowv- 
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niutalur  at  diameirkaUy  opposite  points  press  a  pair  of  conduclUK.^ 
pieces  called  brushes,  which  lead  away  ihc  current  to  the  cxteiti  mm 
circuit.  If  these  brushes  arc  so  set  that  each  half  of  the  split  ixiT  k~^ 
moves  out  of  contact  with  one  brush  and  into  contact  with  llie  oih*-i, 
brush,  at  the  instant  that  the  loop  passes  through  ihc  plane  in  whi»±_fl 
there  is  no  cutting  of  the  magnetic  lines  the  allernaling  curre^^*— 
induced  in  the  loop  will  be  rcctifieil  and  caused  to  flow  in  one  dirt.^— - 
tion  thmugh  the  cxlemal  circuit.  If  the  external  current  be  plott ,»-/, 
it  will  be  of  pulsating  tharaclerj  as  represented  in  Fig.  87.  Tt  Ti^ 
explanation  is  not  changed  if,  for  the  single  loop,  wc  substitule^^^  j 


Hg».  M  anti  89.     (Igmtntmrg  Dgmma»  aitth  trva-fUnt  Armatuna. 

coil  wound  on  an  iron  ring,  as  shown  in  Fig.  88.     Now  place 
cKatlly  similar  coil  diametrically  oppuslie  Ihe  first,  and  when 
terminals  are  coimectcd  to  the  same  two  half-rings,  as  in  Fig. 
the  two  coils  arc  in  parallel,  and  though  the  voltage  genejaied. 
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revolving  this  winding  with  two  coils  is  no  greater  than  with  o^' 
coil,  the  cura-nt  capacity  of  the  resultant  winding  is  evidently  doublp**' 
The  current  obtained  from  this  winding  through  a  two-part  i:iii^' 
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mutator  is  very  fluctuating  and  would  be  much  steadier  if  two  other 
coils  were  added  and  placed  90°  from  the  first  set,  so  that  when 
one  set  of  coils  is  at  a  zero  jwsition,  the  other  set  is  generating  a 
maximum  E.\f.F.  To  connect  this  winding  properly  with  the 
cxtemiil  circuit,  a  four-part  commutator  is  rctjuired,  and  the  coils 
Me  connected,  as  showTi  in  Fig.  90.  The  curve  C  in  Fig.  91  repre- 
sents the  resultant  F..M.F.  at  the  hrushes,  and  the  curves  A  and  B 
rej)resenl  the  E.M.F.'s  gencmtcd  respectively  by  each  set  of  coils, 
ihc  latter  l>eing  one-quarter  of  a  revolution,  o»9(.)^  l>chind  the  fonner. 
It  is  noticed  that  not  only  is  the  E.M.F.  steadier,  but  also  greater, 
lK;ing  never  at  any  point  below  the  maximum  values  obtained  by 
a  single  set  of  coils. 

On  examination  of  the  winding  represented  in  Fig.  90  it  is  ap- 
parent that  the  four  coils  are  wound  in  scries,  the  end  of  the  first 
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'^ing  connected  to  the  beginning  of  the  second,  and  so  on,  the  end 
•^f  the  fourth  iKiing  connected  to  the  beginning  of  the  first.  This 
^  known  as  a  closed-coil  winding,  being  closed  upon  itself,  and 
^  be  discussed  fully  later  because  it  is  almost  the  only  kind  used 
^  direct-current  machines.  As  actually  constructed,  the  coils  or 
•tttjons  of  winding  and  the  corresponding  commutator  parts  or 
*aions  are  increased  in  number  to  obtain   a  \>ricl\CB.\Vj   sS.ta&5 
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E.M.F.  and  to  reduce  the  potential  difference  between  adjacent 
commutator  sections.  This  particular  form  of  closed-coil  armature 
is  called  a  Gramme  ring,  invented  in  1870,  being  represented  diagram- 
atically  in  Fig.  92.  This  and  other  windings  are  treated  in  more 
detail  under  the  head  of  armature  windings. 
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CHAPTER    XVII. 

COKSTBUOnOM  OF  DTNAMO  ULEOTHIO  MAOHINIIS. 

Parts  of  Dynamo-Electric  Machines. — The  essential  parts  are  the 
ormd/«rf  and  its  wlndingj  the  field ■piagnel  and  its  winding,  and  the 
insulation  employed  to  separate  the  various  parts  of  these  windings. 
The  field-magnet  is  usually  stationan,^  in  direct-current  machines,  and 
is  combined  with  the  base  and  bearings  lo  form  the  frame,  of  the 
machine.  Il  has  already  been  shown  that  a  commutator  is  necessary 
in  the  case  of  a  direct-current  machine,  while  alternating  current 
generators  are  provided  with  coilecltng-rings. 

In  either  case  brushes  are  ret[Liired  to  take  off  the  current  from 
the  revolving  commutator  or  collecting- rings.  In  most  of  the  later 
types  of  aUemalor  the  armature  is  slationar)-,  and  the  ficld-magnct 
re\-olves;  hence  the  field-current  must  be  supplied  to  the  moving 
magnet  by  a  similar  pair  of  brushes  and  rings.  The  complete 
machine  comprises  also  the  shaft,  oiling  devices,  and  other  mechan- 
ical details. 

In  considering  the  materials  and  proimrtions  of  the  various 
parts  of  dynamos,  the  construction  of  the  armature  is  taken  up 
first,  since  it  is  the  portion  in  which  the  cnirrent  is  gep^rated,  and 
usually  its  t>i)e  and  size  arc  determined  or  approximated  in  the 
first  place,  the  ficld-magnel,  base,  and  other  parts  being  made  to 
confonn  to  the  armature. 

Forms  of  Armature. — .\ny  electrical  conductor,  as,  for  exam- 
ple, a  simple  coil  of  wire  revolving  or  moving  in  a  magnetic  field, 
would  act  as  an  armature,  and  would  tend  to  have  an  electromo- 
tive force  set  up  in  it  a.s  already  explaineii.  In  order,  however, 
to  obtain  the  maximum  effect  with  a  given  amount  of  material,  and 
to  secure  compactness,  convenience  of  working,  and  other  practical 
conditions,  the  armature  is  usually  made  in  one  of  two  forms, — the 
ring  armature,  and  the  cylinder,  or  drum  armature.  In  the  former 
type  the  cojijKrr  conductors  are  wound  or  \>\acwi  w\itt^  m\  m-m  ^lcksl 
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of  ring  form,  the  conductors  being  carried  through  the  inierior  of 
the  ring,  as  well  as  around  the  outside  (Fig.  92).  In  the  drum  Ij-pe 
the  conductors  arc  located  wholly  on  the  surface  or  ends  of  a  cylin- 
drical iron  core  (Fig.  93j.    In  both  cases  the  function  of  the  iron 

core  is  twofold:  first,  it  bridges 
across  between  the  pole-pieces  and 
conducts  the  lines  of  force,  thus 
greatly  reducing  the  reluctance  of 
the  magneric  circuit;  and,  second, 
it  affords  a  solid  support  to  carn* 
thc  electrical  conductors.  Two 
other  forms  of  armature  are  some- 
limes  employed.  One  of  these  is 
the  pole  armature,  in  which  con- 
ductors are  wound  around  radial 
iron  cores  projecting  outward  from 
a  central  hub;  and  the  other  is 
Ihc  disk  armature,  in  which  the 
conductors  arc  arranged  in  the 
form  of  a  flat  disk,  the  plane  of 
which  is  perpendicular  to  the  shaft. 
This  last  style  of  armatun*  is  rarely 
used,  but  it  is  the  only  one  not 
miuiring  an  iron  core,  since  it 
rotates  in  a  narrow  space  bctwven 
the  pt)lc  pieces. 

Construction  of  Armattire  Cores. 
— Originally  the  core  was  made 
of  one  solid  piece  of  iron;  but 
this  permits  electric  cummts  to  be 
set  up  in  ii,  because  the  outer 
portions  of  the  core,  b'ke  the  arma- 
»re  oonduciore  themselves,  cut  magnetic  lines.  The  useless  currents 
thus  generated,  called  Ftm<itmii  or  «Wv  airrmts,  flow  in  the  same 
fcneral  direction  as  the  useful  armature  currents.  In  order  to 
wimimtat*  tbcse  eddy  currents,  which  consume  power  and  nay  cause 
excessive  beating,  their  path  is  interrupted  by  subdMifiiig,  or  hmi- 
msting  the  core  pcrpoidicubriY  to  the  sliaft.  The  usual  plan  is 
to  buiW  up  the  core  o(  disks  ot  nia^  ci  ^biecX'wQRtK  ^KAvwwUtorf 
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from  one  another,  so  that  ihe  magncli(  lines  can  pass  frcriy  through 
each  disk;  while  the  eddy  currents,  tending  In  flow  perpendicularly 
Id  them,  are  stopped  hy  the  insulation  between.  Hence  the  core 
should  always  be  laminated  parallel  to  llie  lines  of  force  and  to 
the  direction  of  motion. 

Disks  or  rings  are  used  in  nearly  all  cases  for  armature  cores, 
and  arcr  punched  t)ut  of  the  softest  sheet  iron  or  mild  steel,  from 
.015  to  .025  inch  thick.  In  armatures  of  snruill  size  each  disk  is 
X  complete  circle  in  one  piece,  but  armalures  of  large  diameter 
are  buih  up  of  a  number  of  segments.  The  laminae  arc  insulated 
from  ejuh  olher  by  tissue  pajxT,  paint,  varnish,  or  simply  by  rust 
on  the  surface  of  the  plates.  Ordinarily,  rust  on  both  surfaces, 
and  paper  at  ever)-  third  i)r  fifth  plate,  are  sufficient.  This  usually 
brings  the  loss  from  eddy  currents  down  to  about  one  per  cent.  It 
is  hardly  wonomiral  lo  attempt  further  reduclion,  since  the  trouble 
of  punching  and  liandttng  many  sheeLs  of  verj-  thin  iron,  and  the 
loss  of  ^ace  between  the  plates,  more  than  ofTset  the  gain. 

.\n  armature  core,  built  up  as  above  described,  with  the  plates 
forcc<l  together  by  heavy  hydraulic  c»r  si:re\v  pre-ssure,  is  found  to 
consist  of  from  85  to  95  per  cent  tnm,  the  remainder  of  its  volume 
being  made  up  of  insulation,  .scale,  etc. ;  hence  the  ejjertive  cross- 
section  or  magnetic  flux-carrying  capacity  of  such  a  core  is  from  5  to 
15  i>er  cent  less  than  that  of  an  etjual  volume  of  solid  iron  of  the 
same  dimensions. 

Slotted  and  Perforated  Annatures. — The  core  is  often  provided 
with  slots  or  perftjralions  in  which  the  con- 
ductors are  laid.  This  type,  of  which  three 
forms  are  indicated  in  Fig.  94,  also  known 
as  the  (nothed  armature  and  sometimes 
called  the  Pacint)tti  armature,  after  its  in- 
ventor, has  the  following  advantages  over  the  smooth  core : — 
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fig.  04.    Slatttd  and  PtrfOtaU^ 
Armalur*  Corms. 


1.  Tlie  reluctance  of  the  air-j?ap  is  reduced  lo  a  minimum. 

2.  The  armature  conductors  arc  protected  from  mechanical  injurj-. 

3.  The  conduciors  are  liimly  held  in  place,  and  cannot  slip  on  the  core  by  the 
iction  of  the  clearodynamic  force  exerted  upon  them,  which  in  a  smooth  core  is 

I  equal  to  the  total  torque. 
4.  Kddy  current;  In  the  armature  conductors  arc  avoided,  since  the  lines  snap 
across  the  latter  instanily.* 
*Sce  a  paper  on  "MagnciUm  in  lli  Relation  to  Induced  £.M.F.  ultv^  C^J>Trc•[v^^ 
fyEUbu  Thomson.  Travi.  Amtr.  Insi.  Eitc.  En^.,  vo\.  vx.,  ^.  *iW,  \>!«». 
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5.  If  the  teeth  ate  pnicttcaUy  saturated  by  ibc  field-magnetism,  ihey  opi 
the  shifting  of  the  lines  by  armature  reaction  (which  «*iU  be  considered  later)  -      ^| 

The  disadvantages  of  a  slottL*d  armalurc  core  are: —  |^^^| 

1.  It  is  S(Knewhat  more  expenstie  to  make  on  account  of  the  trouble  of  pun.*-  -jtj 
ing  and  insulating  the  slots.  jH 

2.  The  teeth  tend  to  generate  eddy  currents  in  the  polar  faces.  ^^^^| 

3.  The  self-induction  of  the  armature  coiU  U  increased.  ^^^H 

4.  Increased  hysteresis  loss,  due  to  denser  flux  in  the  lerth.  ^^^^ni 

5.  Leakage  of  line?  of  force  thmuj^  the  arrnaturc  core,  crtcricr  to  tlie  wri  — rjid 
Dg,  particularly  in  the  case  of  partly  inclosed  slots  or  perforated  cores.  ^H 

The  second  objection  can  be  practically  overcome  by  making  "^Be 
air-gap  at  least  50  per  cent  of  the  distance  between  the  teeth,  so  tW^at 
the  lines  of  force  can  spread  from  the  comers  of  the  teeth,  a^  ^^ 
become  nearly  uniformly  distributed  over  the  polar  faces.  "^S^  ^^ 
air-gaps  less  than  this,  the  pole-pieces  should  be  laminated  in  ^-  "^ 
direction  of  the  motion  of  the  armature.  The  leakage  menlioi»-  **• 
in  the  fifth  objection  can  be  made  negligible  if  the  amount  **' 
metal  above  the  conductors  be  kept  NTry  small.  |H 

The  ratio  of  tooth  width  to  slot  width,  for  most  efficient  ope»-  " 
lion,  has  been  found  to  exist  when  the  width  of  the  tooth  is  abc^"' 
equal  to  the  width  of  the  slot  minus  twice  the  thickness  of  the  s "^"^ 
insulation,  or,  in  other  words,  the  metallic  area  of  the  teeth  shot-^^"** 
equal  that  of  the  copper  conductors  in  the  adjoining  slot.  ^m 

Hjrsteresis  in  Armature  Cores. — The  general  nature  and  amov-^**^! 
of  the  h)-steresis  loss  has  already  bfcn  given  in  connection  **"  ^™ 
Fig.  8.3.     It  is  greatly  affected  by  the  quality  of  the  imn.     T*^^^ 
employed  by  the  General  Electric  Company  ha.s  the  following  c*^^^' 
position: — 

Iron 99.89    to  99. 76  per  cent 

Sulphur 04    "       .08  "      ** 

SiUcon 005  "      *' 

Phosphorus 04   "      .08  '*     " 

Carbon 06   '*      .10  *'     " 

The  armature  disks  are  punched  from  large  sheets  about    -^^ 
inch   thick.     Since  the  edges  are  considerably   hardened   by 
punching,  ii  is  well  subsequently  to  anneal  the  iron  by  raisir*^^ 
to  A  bright  red  heat  and  allowing  it  to  cool  svrt  slowly. 


healing  also  has  the  effect  of  burning  off  ihc  burr  from  the  edges 
of  the  disks,  and  oxidizes  ihclr  surfaces  so  that  they  are  partially 
insulated  from  c;irh  other  with  respect  lo  eddy  currents. 
_      Size  and  Form  of  the  Armature  Core. — There  is  no  absolute 
pule  for  determining  the  size  of  an  armature,  since  it  depends  upon 
many  conditions  which  cannot  be  included  in  a  formula  or  covered 
in  any  general  way;    nevertheless  there  are  several  facts  that  will 
aid  one  in  assuming  an  approximate  size,  that  can  be  modified  later 
if  found  incorrect.    The  chief  points  to  be  considered  in  arriving 
Biit  the  size  of  an  armature  core  are: — 1.  Peripheral  speed.    2.  Space 
*for  inductors.      3.  Surface  covered  by  pole-pieces.     4.  Flux-carry- 
ing capacit>".     5.  Cooling  surface. 
■      Peripheral    Speed. — One  guide  for  determining  armature  diam- 
eter is  the  fact  that  the  peripheral  velocity  should  be  kept  between 
—  1,500  and  6,000  feet  per  minute,  3,000  being  a  common  value, 
^ffhe  peripheral  speed  of  an  armature  is  the  product  of  its  circum- 
■erence  in  feet  by  the  number  of  revolutions  per  minute,  or 

^rom 
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from  which  the  approximate  diameter  D  "  in  inches  can  be  found. 
FluT  Density  in  Armature  Cores. — The  length  of  the  armature 
>re  must  next  be  considered,  and  this  depends  primarily  upon 
the  width  of  the  polar  face  and  ihe  amount  of  the  spreading  or 
"fringing"  of  Ihe  lines  of  force.  The  latter  may  be  determined 
by  adding  .8  of  the  length. of  the  air-gap  lo  the  polar  width.  The 
diameter  of  the  core  having  already  been  determined  by  peripheral 
speed  limitations  and  the  width  of  the  core  by  the  conditions  of 
^fringing,  its  proper  radial  depth  can  be  readily  found  from  the 
■cross- section  lo  be  provided  for  the  passage  of  the  lines  of  force. 
The  number  of  lines  permitted  per  unit  area  of  cross-section  is 
limited  by  the  heating  of  the  armature  due  to  hysteresis  and  eddy 
current  losses,  the  heat  generated  by  either  of  these  phenomena 
being  greater  the  denser  the  flux  or  the  more  rapid  the  magnetic 
ie\'ersals.     Hence,  allowable  flux  densities  arc  less  with  high  speed 

E'  I  with  lower-sitecd  machines,  and  likewise  less  with  multipolar 
I  with  bipolar  forms. 
The  following  tabic  gives  the  armature  core  densities  usually 
iloyed  in  practice  for  various  kinds  of  armatures'. — 
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Ctua  o(  MachifM. 


Constant  potcntiiil  bipolar  D.C.  genera- 
tor or  motor 


Mtitdpolar  D.C  Rcncrator  or  motor.. 

Constant  p«nemial  A.C.  machiiics. . . 
Constant  cumrnt  D.C.  arc  marhlnes. 


Purni  of 
ArmatuTv. 


Speed. 


Flux  Dmtttr 


Dnim 
Ring 


Low 

B^ 
Low 
Ifigh 

Low 


50000-70000 


80000-100000 
33000-600Q0 
50000-30000 
35000-45000 

tOOOOO-I.VXXM 


The  cross-section  of  each  armature  inductor  may  be  estimale<lfl 

by  the  current  it  must  carr)*,  from  fiOO  to  SOd  tiriular  mils  per 
ampere  being  usually  allowed.  The  number  of  paths  through  ihc 
armature  between  which  the  total  current  is  divided  must  also  be 
known.  In  bipolar,  closc<^l-coiI  windings  there  are  two  paths,  and 
each  inductor  must  carry  one-half  of  the  total  armature  current. 
A  four-pole  clr)sed-coil  winding  may  bt-  either  two  or  four  circuil^^ 
as  will  be  e.\plained  under  methtxis  of  armature  winding;  hence 
the  exact  metliod  of  winding  must  be  derided  upon.  The  numlxTol 
armature  inductors  is  dctemiined  by  the  E.M.F,  to  be  generatcc 
and  is  given  by  the  following  formula: — 


5- 


nX.N     * 


in  which  S  is  the  total  number  of  inuuctors  counting  all  arount 

the  armature,  n  is  the  number  of  revolutions  per  minute,  and  AT 

is  the  flux  in  Unes  of  force  entering  the  armature  from  one  po1e^| 

piece.    Tliis  applies  to  all  armatures  in  which  the  paths  for  thi?^ 

current  equal  the  number  of  poles,  but  must  be  mcKlified  for  the 

■         two-circuit  multipolar  windings,  or  the  double  windings  desciibecl 

H         later.    The  only  gencrd.1  rule  is  the  simple  fact  thai   10*  lines  of 

H         force  cut  per  second  Induce  one  volt,  and  the  E.M.F.  gencrati*i 

H        by  one  inductor  mu.st  be  multiplied  by  the  number  of  them  in  seri( 

H        between  Ihc  +  and  —  brushes. 

H  Having  approximated  the  number  and  size  of  the  inductors  ant 

H         the  dimensions  of  the  armature  con-,  it  may  be  necessary  to  rej 
^L        just  either  or  both  of  them  so  as  to  satisfy  limitations  due  to  heat 
^K        ing  or  radiating  surfaces,  considered  later. 
^^^H        Even  for  a  given  E.M.F.  it  is  possible  to  design  a  short  cor 
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large  diameter,  or  a  long  core  of  small  diaraeler;  and  nothing 
but  experience  and  circumstances  indicate  which  is  the  better. 
^ftFrom  the  nature  of  the  case  there  is  no  direct  or  royal  road  to  the 
^■design  of  an  armature,  it  being  usually  necessar)'  and  always  dc- 
^■sirabli-  to  draw  several  different  modi  locations,  in  order  to  compare 
^Pthem  and  select  the  best. 

Mounting  of  Armature  Cores. — The  cores  of  small  drum  arma- 
tures may  consist  of  disks  of  sheet  iron  having  a  central  hole  only 
large  enough  to  slip  on  the  armature  shaft  (Fig.  95).     They  are 
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held  together  cither  by  large  nuts  screwed  directly  on  the  shaft,  or 
Ly  boUs  passing  through  the  core  from  end  to  end,  holes  being 
punched  in  the  disks  for  the  purpose.  These  bolls  must  be  insu- 
lated from  the  core  by  tubes  and  washers  of  paper,  fiber,  or  mica, 
tjlhcrwisc  strong  currents  will  circulate  through  ihctn,  involving  a 
serious  loss  of  energy.  The  disks  being  very  thin,  a  thicker  plate 
<>f  cast  or  wrought  iron  or  other  metal  should  be  put  at  each  end. 

e  rims  of  these  plates  should  be  beveled  quite  thin,  so  that  eddy 
ourrcnts  shall  not  be  set  up  in  them. 

The  armature  core  has  the  full  torque  exerted  upon  it  by  the 
onduclors,  consequently  it  must  be  firmly  connected  to  the  shaft  in 
order  to  be  driven  positively.  Furthermore,  in  toothed  armatures 
>*  is  particularly  important  to  preserve  the  alignment  of  the  disks. 
The  usual  plan  is  to  cut  slots  in  the  disks  and  shafts,  in  which  a  key 
'-^  placed,  as  represented  in  Fig.  95. 

In  Ting  armatures,  and  in  drum  armatures  of  considerable  diam- 
^^*^r,  the  interior  of  the  core  is  removet],  making  it  necessar\'  to  sup- 
port (he  core  on  some  form  of  spider.  This  consists  of  a  hub 
''Counted  upon  and  keyed  to  the  shaft,  with  radial  arms  which  arc 
"^•ted  or  otherwise  connected  to  the  armature  core.  A  simple  and 
Strong  construction  comprises  two  spiders,  between  tiis  ^to\«c.xyw^ 
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arms  of  which  the  core  is  held  by  boks  passing  completely  through 
btjth  spiders  and  the  core.  This  re(|uircs,  however,  a  certain  portion 
of  the  core  lo  be  cut  away  by  the  bolt-holes,  and  necessitates  insula-fl 
ting  the  bolLs  fmm  the  core  and  the  spiders.  These  objections  are 
'obviated  by  clamping  the  disks  between  flanged  spiders  forced  to- 
gether by  bolts  inside  of  the  core  (Fig.  96),  or  by  nuts  on  the  shafts 
in  the  case  of  smaller  armatures. 
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Armature  shafts  are  made  of  machinery  steel,  and  are  usually 
much  thicker  in  the  middle  than  at  the  ends  (Fig.  U7},  as  they  must 
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flf.  97.     Armatarw  SkafL 

be  exceedingly  stiff  to  withstand  the  powerful  magnetic  side-puU  on 
the  core,  if  the  latter  is  even  slightly  nearer  one  pole-piece  than  the 
other,  especially  in  multipolar  machines.  The  shoulders  obtained 
by  having  the  shaft  larger  in  the  middle  serve  to  keep  the  armature 
in  the  proper  position  with  resptrl  to  the  bearings,  and  also  enable 
nuts  to  be  screwed  on  the  shaft  to  hold  the  armature  core,  spiders, 
commutator,  etc.,  in  machines  of  small  or  moderate  si^e.  The 
torsional  strain  in  armature  shafts  is  often  considered,  but  compared 
with  the  trans\'erse  strength  required  it  is  usually  insignificant. 
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Finishing  the  Amature  Core.— The  core  should  have  all  sharp 
or  rough  edges  removed,  by  filing  or  otherwise,  before  the  con- 
ductors are  put  on.  The  disks  should  Ix'  punched  so  true  in  the 
tj/5l  ]il:irc  ihat  it  is  nol  necessar)'  to  turn  the  core  in  a  lathe. 

Armature  Insulation. — The  core   must   now  be  thoroughly  in- 
sulated.   This  might  be  partly  accomplished  by  covering  the  com- 
pleted core  with  one  or  more  coats  of  Japan  or  enamel;    but  this 
Jrisulation  cannot  be  relied  ujinn  to  any  great  extent,  as  it  is  very 
nicely  to  have  minute  holes  or  bubbles  in  it,  or  be  pierced  by  par- 
*«clos  of  metal  or  by  the  rough  edges  of  the  disks.    Therefore,  two  fl 
or    inorc  layers  of  strong  i>aper,  fiber,  canvas,  or  mica,  or  a  combi- 
nation of  these,  should  always  be  applied  to  the  core  whea-  the 
coriciuctors  are  to  be  laid.    A  smooth  core  is  entirely  covered  in  ^| 
tHis    way,  but  with  a  totnhcd  core  the  insulation  is  usually  put  in  ~ 
the     form  of  separate  troughs  in  the  slots  Ix'lween  the  teeth.     The 
^Wcis  of  the  core  should  be  insulated  with  thicker  material,  since  the 
^tr^ian  upon  it  is  greater,  particularly  at  the  edges. 


ARKiTVHE   WIWDINOB. 

Armature   conductorSt  or   inductors,  as   Uiey   are   called,  since 
"^     EM.F.  is  generated  in   them   by   magneto-electric   induction, 
^•^    almost  universally  made  of  copper.    The  ordinary  form  con- 
^'sts  of  simple  copper  wire,  insulated  with  a  double  or  triple  covering 
***  Cotton;   but  rectangular  bars  or  cables  of  twisted  wires  are  also 
*^seci.    It  is  not  convenient  to  handle  wire  larger  than  about  No.  8 
^-     &  S.  (.1285  inch  diameter);    consequently  two  or  more  wires S 
^■'^  ^^-Qund  together,  or  connected  in  parallel,  if  a  larger  conductor  is  ^ 
net^Oed.     Copper  bars  or  cable  may  be  used  when  the  amount  of  cur- 
"^l  is  sufficient  to  require  them. 
^r  inductors  are  liable  to  have 
CfUly  currents  set  up  in  ihem,  be- 
*-^Use  the  edge  entering  or  leaving 
"*<^  field  generates  a  higher  E.M.F. 
"'^n  the  other,  as  represented  in 

*K-  98.    The  resulting  loss  may  be  serious  with  large  bare.     It  is 
"^Uced  by  making  the  bars  thin  tangentially;  by  causing  the  edge 
*he  bar  to  enter  the  field  gradually,  either  varj'ing  the  air-gap 
*^^  shaping  the  pole-pieces  so  that  the  edge  of  the  field.  U  tioV  ^-wJXtV 


.  ftv-  ^>    tidy  Currtnta  In  Bar  liidueton. 
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to  the  inductors;  and  by  using  cables  of  twbted  wires.  It  is  not 
necessary  in  the  last  case  to  insulate  the  strands  from  each  other 
very  perfectly,  a  film  of  oxidation  or  varnish  being  sufiicicnl,  since 
the  differences  in  E.M.F.  are  small.  The  various  means  for  over- 
coming this  dinficulty  are  given  by  Hawkins  and  Wallis.*  With 
the  slotted  limialures  now  generally  employed,  trouble  from  this 
cause  is  much  less  than  with  smootli  cores,  because  the  magnetic 
condilions  are  practically  uniform  throughout  each  slot  at  a  given 
instant,  except  with  large  slots  or  with  rapid  reversals  of  magnetism, 
as  in  :dlfmating-currcnt  grnerators. 

Methods  of  Armature  Winding. — The  arrangement  of  the  induct- 
ors, and  the  order  in  which  they  arc  connected  together  to  form 
a  complete  "winding,"  constitute  one  of  the  mosl  complicated 
suhjecis  in  electrical  engineering.  This  malter  is  elaborately 
treated  by  Parshall  and  Hobarl  in  a  large  work  entirely  devoted 
In  it.t  and  most  of  the  Ixwks  on  dynamos  and  motors  give  con- 
siderable space  to  this  subject,  notably  those  by  S.  P.  Thompson,? 
and  Hawkins  and  WalHs.J  A  small  work  by  E.  Arnold  I|  contains 
nearly  all  i>f  the  important  methods  for  direct-current  machines. 

Formerly  the  wires  were  always  wound  upon  the  core,  each 
turn  being  put  in  place  by  hand.  That  method  Is  still  used  for 
jKTforated  armatures  (Fig.  94)  and  in  small  machines.  Such  a 
winding,  however,  has  rarely  if  ever  been  made  with  one  continuous 
wire.  For  convenience  of  handling,  also  to  facilitate  connection 
to  the  commutator,  it  is  customary  to  use  comparatively  short  pieces 
of  wire  sulTiricnt  only  for  one  section  of  the  \Wnding.  In  direct- 
current  armatures  the  number  of  these  sections  or  coils  is  usually 
e(|ual  to  the  number  of  commutator-bars.  Tn  alternating-current 
armatures  their  number  ctiuaLs  the  number  of  field-poles  for  single- 
phase  and  is  correspondingly  increased  for  two-  or  three-phase 
working.  About  1890  the  practice  was  introduced  of  winding 
these  coils  separately  on  forms  and  then  placing  (hem  on  the  arma- 
ture core  as  another  operation.    This  plan,  employing  the  so-called 


*  The  Dynamo.  London,   1903.  i»p.  341-344. 
f  Armalurr  IViWtNjf  far  FJectrie  Machines,  tittt  York,  1 80S. 
t  Dynamo  lUretric  \fachvtery,  London  and  New  Yoric.     AIm  Detign  of  Dyna* 
mat,  I>>ndon  unil  New  Vork.  1903. 
hr  Dynamo,   tendon,    1903. 
lArmi/ture  Winding,  imruJalcd  by  F.  B.  de  Grcss,  New  York. 
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"fonned  coils"  illustrated  in  Fig.  99,  sa^es  much  lime  and  labor; 
ID  fact,  the  total  time  or  expense  required  to  make  the  coils  and 
apply  them  to  the  armature  is  often  less  than  one-quarter  of  what 
it  was  for  the  old-fashioned  method  of  winding. 


r- 


With  either  style  of  winding  the  coils  are  all  connected  together 
in  most  cases,  the  end  of  one  being  joined  to  the  beginning  of  another^ 
and  so  on.  For  allcmaling-currcnt  armatures  iht-  toils  arc  usually 
arranged  in  this  way  as  one  simple  scries  for  each  phase,  the  ter- 
minals being  connected  to  the  external  circuit  cither  directly  or 
through  slip-rings.  The  coils  of  direct-current  armatua-s  are 
almost  always  connected  in  a  similar  manner  to  form  one  series, 
but  this  is  closed  on  itself;  that  is,  the  end  of  the  last  coil  is  joined  to 
ihc  beginning  of  the  first  one.  This  pmduces  the  closed-foU  winding 
already  represented  (Fig.  92)  that  is  universally  adopted  in  direct- 
current  generators  and  motors,  except  in  the  Brush  and  the  Thom- 
son-Houslon  scries  arc-lighting  dynamos  (Chap.  X\^1I),  which 
have  opert'CoU  armatures,  but  arc  special  machines  used  only  for 

purpose  named. 
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One  other  important  exception  lo  the  simple  closed-coil  winding 
for  direct  currents  is  the  double  or  multiple  winding  described  later 
and  consisting  of  two  or  more  separate  windings,  each  complete 
itself. 

Direct-  and  Alternating- Current  Windings. — In  classifying  arms 
ture  windings,  the  most  prominent  distinction  is  between  those 
intended  for  direct,  and  those  for  alternating  currents.  All  arma- 
ture tt-indings  have  alternating  currents  generated  in  the  inductors 
themselves,  which  are  led  out  without  change  when  that  character 
of  current  is  desired,  but  which  must  be  rtttijifd  and  made  to  flow 
in  one  direction  only  by  means  of  a  commutator  in  order  lo  obtain 
a  diruct  current.  Consequently,  a  commutator  is  the  distinguishing 
accompaniment  of  a  direct-current  winding.  There  is  no  necessary 
difference  between  the  windings  for  the  two  purposes,  since  a  direct- 
current  armature  can  be  made  to  give  an  alternating  current  by 
connecting  two  complementary  points  of  the  winding  to  a  pair  of 
collecting-rings  as  in  a  rotary  converter  or  a  double -current 
generator  described  later.  In  practice,  however,  direct -current 
windings  are  usually  quite  different  from  those  designed  for  alter-^ 
Dating  currents,  as  shown  by  comparing  the  diagrams  that  follow,  f 

Bipolar  and  Multipolar  Windings. — The  form  of  the  magnetic 
field  in  which  the  armature  is  to  revolve  largely  influences  the  method 
of  winding  the  latter.  Formerly  nearly  all  direct -current  dynamos 
and  motors  were  bipolar,  but  now  the  tendency  is  to  build  machines 
of  more  than  two  or  three  kilowatts  capacity  with  multipolar  fields. 
For  moderate  sizes,  four  or  six  poles  are  customar)',  but  for  large 
machines  eight  lo  twelve  poles  are  employed.  Practically  all  alter- 
nators are  multipolar,  in  most  cases  the  number  of  poles  being 
large,  and  equal  to  twice  the  fre(|uency  divided  by  the  number 
revolutions  per  second. 

Ring  Winding. — The  chief  structural  difference  between 
matures  depends  upon  whether  the  inductors  he  entirely  u[x>n  the" 
external  surface,  or  are  carried  llirough  the  interior  of  the  core,  the^ 
former  being  called  a  drum  winding  and  the  latter  a  ring  winding^ 
(Figs.  92  and  93).  The  actual  form  of  the  core  does  not  determine 
the  question,  since  large  drum  windings  usually  have  ring-shai 
cores,  the  interior  of  the  core  being  superfluous. 

In  Fig.  92,  which  represents  diagrammatically  a  ring  armaiurej 
CCis  an  armature  core  o(  lam\tiaVed'uoT\  t4Trj\Q%vQ.duclocs  1, 2, 
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^"  and  revolNing  clockwise  in  a  bipolar  field  formed  by  the  two  poles 
^^  N  and  5,  the  magnet  itself  not  being  showTi. 
^H       The  winding  extends  completely  around  the  core,  and  is  closed 
^^  at  the  starting-point  as  represented.    The  entire  winding  could  be 
I       made  of  one  piece  of  wire,  but  it  is  more  convenient  to  make  it  in. 

sections  connected  together,  as  already  explained.  The  conductors 
^k>n  the  inside  of  the  ring  cul  no  lines,  except  those  due  to  a  slight 
^^magnelic  leakage;  hence  practically  no  E.M.F.  is  generated  in 
^^them.  Their  only  function  is  to  complete  the  circuit,  and  carrj-  the 
^■current  back  to  the  successive  inductors.  It  is  also  a  fact  that  little 
^^or  no  E.M.F.  is  produced  in  the  neutral  spaces  between  the  polc- 

picces.     The  inductor  1,  for  example,  is  idle  at  the  moment  rcpre- 

I sentcd,  and  3  is  just  entering  the  held  and  beginning  to  generate. 

^^t  is,  therefore,  evident  that  starting  with  inductor  1,  the  potential 
^^:radually  rises,  each  inductor  adding  a  certain  amount,  until  No.  17 

is  reached,  beyond  which  the  potential  falls,  since  the  E.M.F.  is 

set  up  in  the  opposite  direction  under  pole  S,  and  hnally  it  decreases 

rlhe  original  value  at  the  starting  point. 
If  two  stationary"  brushes  were  placed  at  the  points  1  and  17 
:       respectively,  so  as  to  touch  the  winding  as  it  revolves,  the  upper 
one  would  be  positive  and  the  lower  one  negative. 

The  brushes  have  been  applied  directly  to  the  winding  in  som< 
types  of  dynamo;  but  usually  the  winding  is  lapped  otT  at  a  numbc 
of  points,  and  connected  respectively  to  the  segments  of  a  com- 
inutator,  on  which  the  brushes  BB  rest. 
^^  Multipolar  ring  armatures  may  be  made  exactly  the  same  as^ 
^H  the  bipolar  form  just  descriljed.  All  that  is  nccessarj-  is  to  run  it 
^H  in  a  multipolar  field.  A  Gramme  ring  in  a  four-pole  field  is  repre- 
^^  scnted  in  Fig.  100.  With  any  direct -current  multiijolar  machine 
ihcre  is  one  positive  point  and  one  negative  point  on  the  commu- 
tator for  each  pair  of  poles,  the  brushes  being  applied  at  these  points, 
is  in  Fig.  100.  A  four-pole  dynamo  may  be  regarded  as  a  com- 
bination of  two  bipolar  machines,  one  with  six  poles  as  consisting  of 
three  bi-polar  machines,  and  so  on.  A  circuit  from  one  -f  and  one 
-brush  could  be  brought  out  independently,  and  another  circuit  from 
other  two  brushes,  but  usually  the  two  +  and  the  two  —  are 
lively  connected  together,  the  total  current  being  combined 
in  two  conductors,  as  shown. 

Multiplication   of    E.M.F.   in   ring  armatureB  may  \yt  a.ccottv- 
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plished  by  simply  increasing  tlie  number  of  turns.  For  example,  in 
Figs.  92  and  100,  each  section  included  between  two  commutator 
connections  consists  of  one  turn  of  ^Tre.  The  substitution  of  twofl 
turns  for  the  single  turn  in  each  section  would  double  the  E.Af.F. 
generated,  and  so  on  for  any  number  of  turns  f>er  section.  Htnce, 
the  E.M.F.  may  be  multiplied  in  this  way  to  any  practical  value, 
ring  armatures  for  series  arc  lighting  (Chap.  XVIII)  having  been 
successfully  used  to  give  5.000  to  10,000  volts,  but  ordinarily  direct- 
current  generators  as  well  as  motors  are  not  operated  at  more  than 


)Ul<tfl 


fig.  too,    Hing  Armatan  In  roitr-Pw*  fitU. 

600  volts.  The  E.M.F.  being  directly  proportional  to  the  number  of 
turns  of  wire,  other  things  U:ing  e(]ual.  it  is  not  necessarily  changed 
by  altering  the  number  of  sections  or  commulalor-bars.  For  example^ 
a  winding  consisting  of  32  sections  of  2  turns  per  section  woi 
generate  ihe  same  E.M.F.  as  one  having  64  sections  of  a  single^ 
turn  each  or  16  sections  of  4  turns  per  section.  The  number  of 
sections  is  usually  equal  to  the  number  of  com  mutator- bars,  which 
must  be  sufficient  to  subdivide  the  total  voltage,  so  that  Ihe  potential 
difference  between  adjacent  bars  is  not  high  enough  to  produce 
injurious  sparking.  This  is  preferably  limited  to  less  than  20  volts.fl 
but  depends  upon  various  conditions  that  will  be  considered  later. 

Drum  Windings. — As  explained  in  relation  to  Fig.  92,  the  drum 
differs  from  the  ring  winding  in  the  fact  that  the  conductors  lie 
wholly  upon  the  external  surface  of  the  core,  and  do  not  pass  through 
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the  mterior  of  the  latter  even  when  it  is  of  ring,  form,  which  is  usually 
thecase.  The  principle  of  the  drum  winding  is  indicated  in  Fig.  101. 
It  will  be  noted  that  a  conductor  (No.  1,  for  example)  is  brought 
forward  under  one  pole,  iV,  and  back  (at  No.  6)  under  the  other 
pole,  5,  and  so  on  until  the  winding  is  completed.  This  is  a  necessary 
condition  in  a  drum  winding,  since  a  neutralizing  E.M.F.  would 
be  generated  if  the  wire  passed  back  under  the  same  pole.  In 
the  ring  this  neutraUzation  is  avoided  by  carrying  the  conductor 


11  10 

Fig,  101.    Original  Bipolar  Drum  Winding. 


^k  through  the  inside  of  the  ring  where  practically  no  E.M.F. 
IS  set  up.  Hence  each  inductor  of  a  drum  armature  must  be  con- 
nected to  one  at  a  sufficient  distance  to  be  acted  upon  by  oi)posile 
°iagnetic  polarity.  In  other  words,  there  are  two  active  i)arfs  in 
P^h  turn  of  wire  one  under  pole  N  and  the  other  under  pole  5. 
\\Tiereas  there  is  only  one  active  portion  in  each  turn  of  a  ring 
binding;  and  furthermore,  the  latter  is  almost  invariably  connected 
to  another  turn  lying  close  to  it. 

A  further  distinguishing  characteristic  is  the  fact  that  the  con- 
ductors of  a  drum  armature  cross  each  other,  as  shown  in  Fig.  101, 
while  the  turns  of  a  ring  winding  lie  nearly  parallel  (Fig.  92).  Finally, 
neighboring  wires  may  have  great  difference  of  potential  in  the 
former,  but  differ  only  shghtly  in  the  latter.  All  of  these  points  are 
in  favor  of  the  ring  type,  nevertheless  it  is  employed  very  much 
^  than  the  drum,  and  its  use  is  steadily  decreasing.    T\vU  \s  ^aLT\X-^ 
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due  to  the   larger  percentage  of  inactive  wire,  but  is  chiefly  the 
result  of  adopting  formed  windings  (Fig.  99),  which  can  be  readily 
applied  to  drum  but  not  to  ring  windings.    Self-induction  is  also  les^H 
in  the  former,  so  that  commutation  difficulties  arc  reduced,  as  ex- 
plained later. 

The  winding  represented  in  Fig.  101  is  that  devised  by  von  Hefner- 
Alteneck,  who  originated  the  drum  armature  in  1873.  There  is 
almost  no  limit  to  the  number  of  possible  windings,  and  ver>*  many 
diSerent  forms  are  actually  used,  but  they  may  be  grouped  in  certain 
classes.  In  Fig.  101  inductors  marked  +  carry  current  toward 
the  obscr\'cr,  and  those  marked  —  carry  it  away  from  him. 

It  is  evident  that  each  single  conductor  in  any  drutn  winding 
may  be  replaced  by  two  or  more,  just  as  each  section  of  a  ring  arma- 
ture may  consist  of  one  turn  or  any  number,  as  already  explained. 


Flf.  102.     BIpolmt  Drum  W/ntf/wr  »/(*  Tm9  Timt  per  5«ct/M. 

For  example,  Fig.  102  represents  a  drum  winding  which  is  the 
same  as  the  simple  form  in  Fig.  101,  except  that  the  number  of 
inductors  is  doubled,  the  arrangement  of  ihe  wires  and  the  number^ 
of  commutator-bars  remaining  the  same.  If  rc\'oh-ed  at  cqui 
speed  in  the  same  magnetic  field  the  E.M.F.  would  also  bc^loublt 
but  lite  allowable  current  would  be  only  one-half  as  grral,  bccaui 
it  would  be  practically  ncccasary  to  use  a  wire  of  one-half  the 
:tion  in  order  to  put  tvnct  as  mawj  \utus  \tv  >^^fc  »swt  ^.^wa-  "Waa 
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suit  of  doubling  ihe  E.M.F.  can  also  be  obtained  from  the  drum 
v.inding  in  Fig.  103,  which  has  twice  as  many  sections  as  that  in 
Fig.  101,  each  consisting  of  a  single  turn.  In  that  case  the  number  of 
comrauialor-bars  would  al^i  be  doubled,  as  shown. 

Cross-connected    Multipolar    Armatures.  —  The    four-pole    ring 
armature  shown  in  Fig.  100  requires  four  brushes  to  obtain  the  full 
snl  from  the  armature.    If  diametrically  opposite  points  all 
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Fff.  703.    eip9lar  Drum  Winding. 

the  in-ay  around  the  winding  are  permanently  connected  together, 
the  upper  +  brush,  for  example,  will  also  receive  the  current  from 
the  opposite  point  by  the  cross- connect  ion,  the  same  being  true  of 
^iher  —  brush;  hence,  two  brushes  will  take  the  whole  current 
generated  by  the  armature.  The  cross-connection  may  be  made 
either  in  the  armature  itself  or  in  the  commutator.  In  a  six-pole 
dynamo,  three  points  120°  apart  are  cross-connected,  four  points 
90°  apart  in  an  eight-jiole  machine,  and  so  on. 

An  example  of  drum  armature  is  illustrated  in  Fig.  104  in  a 
partly  completed  condition.  This  type  is  adajited  to  direct  connec- 
ion  with  an  engine  of  about  150  H.P.,  the  shaft  of  which  is  extended 
to  recei\*e  it.  Mrxlem  drum  windings  are  usually  arranged  entirely 
on  the  curved  surface  of  the  cylinder,  being  called  barrel  windings 
whereas  formerly  the  end -connect  ions  were  located  on  the  flat  ends 
of  the  cyVnder. 
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Two-Circuit  Multipolar  Windings. — In  cither  the  four-brush 
the  cross-connected  windings  just  referred  to,  the  current  has  foi 
paths  or  circuits  tlirough  the  armature;  and  the  current  which 
flows  out  is  the  sum  of  four  currents  generated  in  the  four  quadrants 
of  the  armature.  'I'he  same  would  be  true  if  the  two  positive  as 
well  as  the  two  negative  brushes  were  connected  together  in  fjarallel, 
which  is  usually  done  by  means  of  metallic  rings  or  flexible  cables 
(Kig.  100)  if  thf  machine  Is  not  cross-connected  internally.  In  a 
bipolar  winding  there  are  two  paths  for  the  current,  this  being  the 
minimum  number  for  any  closed-coil  winding.  It  is  also  possibl^^ 
to  produce  a  multipolar  winding  which  has   only  two    paths.     In 
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fly.  101.    Partig  Wcunit  Drum  ArmeUrt  «/  HM^mm  Sira. 

Fig.  105,  a  drum  winding  is  made  with  22  inductors,  the  comjcciw:"n 
being  made  each  time  to  the  fifth  inductor  ahead,  and  the  result  is 
that  t^vo  brushes  applied  to  ihc  tommiitator  at  c  and  b  will  Like  oO 
the  entire  current  generated,  and  liierc  will  be  but  two  paths  thr»>ugli 
the  armature.  If  desired,  brushes  may  also  be  placed  at  the  two 
other  neutral  points  in  order  to  increase  the  area  of  contact.  ^° 
such  a  winding  the  voltage  is  twice  as  great  as  that  generated  by  * 
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-winding  with  four  paths,  assuming  the  number  of  inductors  to  be 
tile  same. 

This  method  of  winding,  called  s&ties  or  two-circuit,  is  produced 

on  any  multipolar  drum  armature  when  C=»y±2,  in  which  C  is 

tlie  number  of  inductors,  n  the  number  of  poles,  and  y  is  the  pitch 

or  spacing.    This  last  quantity  is  the  number  of  inductors  by  which  * 

-t-tic  winding  advances  at  each  end-connection,  and  must  be  odd, 

t>«mg  5  in  the  winding  represented  in  Fig.  105.    It  is  approximately 
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^^ual  to  — ,  that  is,  the  distance  between  the  centers  of  adjacent 


n 


tHile-pieces,  in  order  that  the  E.M.F.  generated  may  be  forward 

^nder  one,  back  under  the  next,  and  so  on,  thus  adding  the  effects 

^^  series.    The  pitch  is  not,  however,  exactly  equal  to  that  distance, 

Wing  made  a  little  less  or  a  little  greater,  so  that  the  position  of 

the  inductors  gradually  changes  as  the  winding  proceeds,  othcr- 

■^"isc  they  would  pile  up  at  certain  points.    In  the  winding  shown  in 

figs.  105  nnd  106  C  =(4x5)  +  2  =  22. 

It  is  also  allowable  to  employ  a  pitch  at  one  end  of  the  armature 
different  from  that  at  the  other  end,  but  bolh  must  be  odd  and  the  differ' 
^nce  must  be  2,  hence  the  average  pitch  y^„  is  even.  In  this  case 
the  formula  becomes  C=«y„„±2,  giving  another  scries  of  available 
Endings,  because  y  is  odd  in  the  first  expression  aivd  -^  ^  \s.  c« 
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2Sri 


in  the  second.    This  gives  greater  freedom  for  choice  of  windings, 

particularly  for  machines  with  six,  eight,  and  higher  numbers  oF 

poles.    The  use  of  the  +  sign  in  cither  of  the  aboTC  form'ilas  makes 

C-2 
y  or  y^" ,  that  is,  the  spacing  is  iess  than  the  distance  between 


centers  of  consecutive  poles,  and  the  end -connect  ions  arc  relatively 

shorter,  which  is  advantageims,  olhcr  things  being  cquaL 

Two-circuit  multipolar  ring  windings  may  also  be  obtained,  buti^^H 
are  not  used  to  any  great  extent.  ^| 

Two-circuit  windings  in  general  secure  the  advantage  that  th<^:i^:^ 
number  of  inductors  required  for  a  given  E.M.F.  is  one-half  a^^s— 
great  as  in  a  four-circuit  winding.    This  is  because  one-half  of  tl 


inductors  act  in  series  in  the  former,  while  only  one-quarter  act  if 
series  in  the  latter.      On  the  other  hand,  the  cross-section  of  th( 
inductors  must  be  doubled  for  the  same  total  current  generated^^ 
because  two  paths  in  the  former  must  carry  as  much  current  as 
four  paths  in  the  latter.    These  statements  apply  to  four-pole  wind- 
ings, corresponding  differences   existing  in  other  multipolar  arma- 
tures. 

Multiple-circuit  drum  windings,  that  is,  those  having  as  man^^7 
paths  as  there  are  poles,  are  obtained  from  any  even  number  «  ■— ^ 
inductors,  hut  the  pitches  at  the  two  ends  oj  the  armature  must  boii^-^  -^ 
be  odd  and  must  differ  by  2,  hence  the  average  pitch  is  even.      Th— — ^-^^ 


Fig.  109.     WoM  WinHlif.     M«  sam*  a*  In  Flf.  10%, 

pilch  is  also  forward  at  one  end  and  backward  at  the  other  en- 
107,  which  shows  a  ending  of  this  kind-     This  giv* 
lima,  and  will  be  compared  with  the  wa' 
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iding  in  Fig.  105.    One  pitch  is  usually  a  little  greater  anH  the 
a  little  less  than  the  distance  between  tenters  of  consecutive 
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holes,  so  that  the  average  pitch  is  nearly  or  exactly  equal  to  that 
distance,  i.e.,  in  the  latter  case  y^^,  =  --    As  explained  in  regard  to 

two-circuit  drums,  it  is  generally  desirable  to  make  y^  less  rather 
than  greater,  in  order  to  shorten  the  end-connections,  and  for  that 
reason  windinj^s  have  been  made  with  both  pitches  less  than  C-f-ti. 
Csually  the  inductors  in  these  windings  are  an  exact  multiple  of  the 
number  of  p<>!cs,  that  is,  C=nx,  in  whirh  .r  may  be  any  number, 
odd  or  e\'en,  but  greater  than  3.  The  winding  in  Figs.  107  and  108 
is  obtainL-d  by  making  C  =4x6  =24. 

Windings  with  fnur  or  more  circuits  are  exposed  to  the  danger 
that  if  the  E.M.F.'s  generated  by  the  several  poles  are  not  equal, 
currents  tend  to  play  back  and  forth  between  the  scctiims.  To 
take  an  extreme  case,  assume  that  the  magnetizing  coil  is  broken 
or  short -circuited  on  one  of  the  field-cores,  so  that  ver>'  little  E.M.F. 
is  generated  under  the  corresponding  pole-piece.  That  portion  of 
the  winding  then  acts  as  a  short  circuit  on  the  rest,  and  the  arma- 
ture may  thus  be  burned  out.  There  is,  however,  a  fortunate  self- 
regulating  effect  that  tends  to  reduce  inequah'ties  of  voltage  in  the 
different  portions  of  such  a  winding.    Assuming  that  a  greofpr  fliix 
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exists  between  one  particular  pole-piece  and  the  armature  than  in' 
Ihc  case  of  any  of  the  other  poles,  it  will  generate  a  higher  E.M.F* 
in  that  portion  of  the  winding  then  passing  under  it.  This  causes  a 
relatively  greater  current  to  Row  under  ihat  pole,  which,  reacting  upon 
the  Ilux,  tends  to  reduce  it  to  normal  value.  Conversely  a  weaker^ 
pole  is  less  opposed  by  the  smaller  current  or  is  favored  by  a  reversed^ 
current,  also  tending  toward  equality  of  conditions.  It  is  not  wise 
10  rely  entirely  upon  this  self- balancing,  however,  it  being  an  easjr^ 


f  : 
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■■\  i 


fig.  lOa.     Lap  HHniUnf.     Tht  MM*  lU  /«  Flf-   107. 

matter  to  test  the  voltages  between  adjacent  sets  of  brushes  all  tM 
way  around  the  commutatur  to  determine  whether  they  are  equal. 
If  not,  the  voltages  and  tluxes  corresponding  to  the  different  poles 
should  be  equalized  by  varj-ing  the  number  of  turns  in  the  ficld- 
coils,  the  simplest  way  being  to  take  off  or  short-drcuit  some  of 
them.  This  difficulty  being  easily  avoided,  docs  not  seriously 
interfere  with  the  use  of  multiple -circuit  armature  windings;  i 
fact,  they  are  generally  employed  in  direct-current  machines. 

An  advantage  of  the  two-circuit  armature  winding  is  the  fact' 
Ihat  only  two  sets  of  brushes  are  required,  while  multiple- circuit 
windings  (unless  cross-connected  as  already  explained)  demand 
as  many  sets  as  there  are  poles  in  order  to  have  full  annature 
current.  In  most  machines,  however,  especially  for  low  pressures 
of  110  or  220  volts,  it  is  desirable  to  provide  the  larger  number 
of  brushes  to  obtain  sufficient  area  of  contact  for  the  hca\7 
currents  that  are  usually  carried  in  low  voltage  apparatus-  In 
such  cases  this  advantage  of  two-circuit  windings  disaPDCMS. 
A  prominent  exception  is   the   electric    railway  mt 
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-circuit  winding  is  used,  multiplication  of  brushes  and  danger  of 

k unequal  voltages  in  armature  circuits  being  particularly  objcclion- 
ftblc  in  this  machine. 
Wave  and  Lap  Windings. — Most  of  the  drum  windings  described 
above  advance  in  tiie  same  direction  around  the  armature.  This 
is  called  wave-winding,  because  it  would  have  that  form  if  it  were 
<Ieveiopcd,  that  is,  taken  off  of  the  core  and  spread  out  flat.  It  is 
also  possible  to  carr)*  the  end-connections  alternately  fonvard  and 
_fca'  kward,  so  that  the  successive  turns  overlap  each  other.  For 
^xa:1plc,  Fig.  106  shows  the  development  of  a  wave  winding,  a 
"portion  of  it  beginning  with  inductor  No.  22  being  represented  by 
■a.  hcaN7  line  in  order  to  make  this  feature  clear.  A  lap  winding  is 
illustrated  in  Fig.  108,  a  portion  of  which  is  similarly  drawn  with 
^L  hca\y  line. 

Right-  and  Left-Hand  Windings  consist  respectively  of  turns 
'vvhich  pass  around  the  core  in  a  right-  or  left-hand  fashion.  The 
broils  represented  in  Fig.  92  as  passing  from  1  inside,  then  to  2,  etc., 
form  a  left-hand  winding. 

Double  Windings. —  These  consist  of  two  entirely  distinct  wind- 
ings placed  upon  the  same  armature  core,  and  connected  respec- 
t.  js'ely  to  alternate  commutator  bars.    The  brush  is  thick  enough  to 
b^bake  contact  with  at  least  two  cnmmutaior-bars,  so  that  both  wind- 
ings are  always  in  circuit  in  parallel.    This  construction  reduces  the 
tendency  to  sparking,  because  only  half  of  the  current  is  commu- 
ited  at  a  lime,  and  also  because  adjacent  commutator-bars  belong 
different  windings.    It  is  also  a  fact  that  an  armature  coil  is 
>t  likely  to  be  short-circuited  by  the  formation  of  an  arc,  or  by 
)pper  dust,  etc.,  on  the  commutator.     Furthermore,  an  accident 
one  winding  does  not  necessarily  disable  the  machine,  but  reduces 
current  capacity.    This  method  can  be  applied  to  any  armature, 
id   may  be  extended  to  triple  or  quadruple  windings;    its  only 
objection  is  the  increased  number  of  conductors  and  commutalor- 
L^kars,,  which  is  undesirable  in   small  machines,  but  for  large  ones 
^Btiight  be  allowable.     Nevertheless  such  windings  are  not  very  often 
tmploycd. 

Open-Coil  Windings. — The  windings  heretofore  considered  have 
all  been  of  the  closed-coil  tyi>c,  in  which  the  armature  conductors 

kare  connected  together  and  closed  at  the  starting-point.     This  is 
Ihc  usual  st)'le  of  winding  for  direct -current  mac\ivtve&»  •a.iv^  \%  ^a,wi.N«- 
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sally  employed  for  incandescent  lighting,  where  a  steady  current  is" 
desired.  For  series  arc-lighting,  however,  a  pulsating  current  is 
allowable,  or  perhaps  advantageous;  and  armatures  have  beea 
exlensively  used  in  which  the  winding  consists  of  a  comparatively 
small  number  of  separate  coik,  the  terminals  of  which  are  open 
imtil  comiected  to  the  circuit  by  the  commutator  brushes.  The 
Brush  and  the  Thomson -Houston  dynamos  for  series  arclighting^^ 
contain  armatures  of  this  kind,  being  the  only  important  examples 
of  open-coil  windings,  and  will  be  considered  as  special  types  in 
Chapter  X\ail. 

Alternating-Current  Armature  Windings.  Single  I^ase. — The 
principles  and  applications  of  alternating  currents  are  more  fully 
treated  in  Chapters  W\  to  XI  of  Vol.  II,  but  a  few  fundamental 
facts  will  now  be  noted.  An  elementary  alternating-current  gen- 
erator and  the  cun-e  of  EM.F.  produced  by  it  are  represented  in 
Figs-  84  and  85,  the  action  having  been  explained  in  connection 
therewith.  Any  direct -current  winding,  except  the  unipolar  type, 
can  be  made  to  yield  an  alternating  current.  Take  any  point  of 
a  bipolar  winding,  such  as  a  Gramme  ring,  and  follow  it  as  it  re- 
volves; its  potential  is  first  zero,  then  rises  to  a  maximum  positive 
value  after  it  has  turned  through  90*,  then  decreases  to  zero  again 
at  1S0°,  reaches  a  negative  maximum  at  270**,  and  fmally  returns  to 
zero  after  it  has  revolved  through  a  complete  circle.  Another 
point  diametrically  opposite  to  the  first  will  pass  through  an  exactly 
complementao'  cycle  of  changes,  one  point  being  positive  when  the 
other  is  negative,  and  vice  versa.  By  respectively  connecting  these 
two  points  with  two  collecting-rings,  on  which  rest  two  brushes  that 
form  the  terminals  of  an  electric  circuit,  the  latter  will  be  &uppUe<^| 
with  an  alternating  current. 

In  practice,  however,  alternating- current  windings  arc  usually 
different  from  those  tised  for  direct  currents.  One  distinction  is  the 
fact  that  a  simple  open-coil  winding  may  be,  and  often  is,  employed; 
but  the  chief  difference  is  the  intermittent  action  of  the  inductors* 
In  a  direct-current  Gramme  ring  winding  a  certain  number  of  coils  a 
always  active,  while  those  in  the  space  between  the  pole-pieces  a: 
not  generating.  In  this  way  a  practically  steady  E,A/.F.  is  pro- 
duced by  a  large  fraction  of  the  coils.  But  for  an  alternating 
current  it  is  allowable  to  have  all  the  coils  active  at  one  momcnl, 
and  all  inactive  the  next,  corresponding  to  the  variations  in 
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'current.    Hence,  the  winding  need  cover  only  as  znucb  of  the  arma- 
ture as  is  covered  by  the  pole-pieces. 
^P     Owing  to  the  absence    of  the  commutator,  the  winding  of  an 
alternator  armature  is  somewhat  simpler  than  ihal  of  a  continuous 
current  machine.    Any  of  the  four  kinds  of  windings  previously 
mentioned   might    be   used,    but    the    ring   form    is  now    seldom 
employed.    The  advantages  of  the  altemating-current  drum  wind- 
ing are  the  same  as  for  the  corresponding  direct-current  winding, 
and    furthermore,   with   equivalent    armatures,    either    toothed    or 
smooth-core,  the  drum  loops  have  less  inductance  than  those  on  a 
ring  core.     In  virtue,  therefore,  of  its  lower  resistance  and  induct- 
ance, the  drum  type  gives  better  regulation  for  constant  potential 
service. 
^h      Figures  109  and  1 10  show  two  forms  of  drum  winding  apphcable 
^Uo  alternating-current  machinery,  the  coils  being  equal  in  width  to 
^Uie  pole-pieces,  and  also  to  the  spaces  between  the  poles.     Ail  the 
^Koils  are  in  series,  and  form  a  single  open-circuit  winding,  terminating 
at  the  collecting- rings  R  and  T.    At  the  moment  represented,  the 
inductors  are  all  generating,  and  the  maximum  E.Af.F.  is  produced, 
R  l>eing  positive.     A  rotation  of  90  magnetic  degrees  (the  distance 
between  centers  uf  adjacent  poles  being  called   180°)    brings  the 
coils  into  the  neutral  spaces,  and  the  E.M.F.  becomes  zero,  and 
^_so  on. 

^B  Polyphase  Windings. — ^The  use  of  two-  or  three-phase  alter- 
nating currents  belongs  ratlier  lo  electric  power  than  to  lighting; 
but  systems  of  this  kind  are  often  installed  for  both  puriK>ses.  These 
currents  and  their  applications  are  discussed  in  Chapters  VTII  and 
X  of  Vol.  II,  only  the  general  facts  being  given  here. 

A  two-phase  armature  may  be  considered  as  a  combination  of 
two  single-phase  armatures;  and,  in  fact,  it  usually  consists  of  two 
entirely  distinct  windings,  each  having  its  own  pair  of  collecting- 
rings.  The  essential  feature  is  the  fact  that  the  B.M.F.'s  gener- 
ated by  the  two  windings  differ  in  phase  by  one-quarter  of  a 
period,  or,  in  other  words,  one  generates  its  maximum  I£.M.F. 
"when  the  other  is  at  zero.  For  lighting  purposes  the  two  cur- 
rents are  supplied  to  two  entirely  separate  circuits,  and  each  is 
xiscd  just  as  if  the  other  did  not  exist.  For  dri\'ing  motors  the 
two  circuits  are  combined  to  produce  a  rotan*  magnetic  field.  \1 
«ilher  armature  shown  in  Figs.   109  or  110  vjcie  pto\\<iieA.  w'^ 
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another  winding,  the  coils  of  which  were  placed  in  the  spaces  he- 
tween  the  first  set,  the  terminals  being  connected  to  another  par 
of  collecting-rings,  the  result  would  be  a  two-phase  armature. 


fif^  TO0.    tCatw  ryjM  o/  Orum  Winding  for  Slnglt-Phaat  Alttmatoni 


Pig.  110,    Lap  Typt  of  Drum  Winding  for  Slngl9-Pha»t  AlUftiaton. 

Three-phase  windings  arc  similar  in  principle  to  the  two-phase, 
but  produce  three  currents  differing  120''  in  phase;  and,  further- 
more, the  three  windings  are  connected  together  in  either  the  Y 
or  the  A  form.    In  the  Y  winding  the  three  sets  of  coils  stut  a^  a 
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common  point,  and  the  three  free  ends  arc  connected  respectively 
lo  three  collecting- rings,  from  which  the  three  main  conductors  of 
the  circuit  lead.  In  the  A  winding  the  three  sets  of  coils  arc  all 
connected  together,  and  the  current  is  tapped  off  at  the  three  junc- 
^^      tions  (i.e.,  corners  of  the  triangle). 

^H  AUemators,  whether  one-  two-  or  three-phase,  are  now  gener- 

al ally  made  with  stationary  armatures  and  revolving  fields.  It  makes 
^"  practically  no  difTerence  in  the  action,  but  allows  the  armature 
L  connections  to  be  made  solid,  the  field-current,  which  represents  far 
^Lless  energy,  being  much  more  easily  supplied  through  collecting- 
^^ rings.  On  the  other  hand,  the  field-magnet  being  usually  heavier 
^^tlnan  the  armature,  this  plan  increases  the  weight  of  the  moving 
^^fe>art5,  which  is  advantageous  where  fly-wheel  effect  is  desired. 
'  Alternating- current  generators  have  also  been   built,  in  which 

Ixjth  field-coils  and  armature-coils  are  stalionarv-,  the  lines  of  force 
f  x-om  the  former  being  caused  to  cut  the  latter  by  revolving  pieces 
of  iron,  whic  carry  the  lines  from  one  set  of  coils  to  the  other. 
liesc  are  called  inductor  machines,  one  lyi)c  being  the  Stanley 
t-TT^'o-phasc  alternator.     (See  Figs.  151  and  152.) 

Dynamotor  Windings. — A  motor  and  a  dynamo  arc  often  t  om- 
incd  to  act  as  a  transformer,  as,  for  example,  when  a  500-voU 
<iirect-current  motor  is  directly  coupled  lo  a  110-voIt  dynamo,  the 
foiroer  being  driven  by  current  from  an  electric  railway  circuit, 
'*-r»d  ihc  latter  furnishing  current  for  incandescent  lamps  or  storage 
■^^.ttcrics.  A  similar  combination  with  a  gencrat(>r  wound  for 
alternating  currents  would  ser\'e  lo  transform  direct  into  alternating 
^^■UTrenls,  or  vict  versa. 

The  two  functions  arc  often  combined  in  a  single  machine  to 
^^^rurc  compactness,  in  which  case  the  two  armature  windings  are 
P^t  on  one  core,  and  arc  acted  upon  by  the  same  ficld-magnet. 
*-«tch  winding  is  independent  and  complete  in  itself,  and  is  thor- 
^^'Jghly  Insulated  from  the  other.  Consequently,  any  of  the  forms 
^f  winding  already  described  may  be  adopted,  the  only  peculiarity 
■-^^ing  the  fact  that  the  two  windings  must  be  supcrimpt>sed,  or 
*^ici  side  by  side  in  alternate  sections.  Besides  the  advantage  of 
^^ni|/actness  secured  by  placing  both  windings  on  the  same  core, 
^'^e  armature  reactions  of  the  two  counteract  each  other,  so  that 
^^niagnetizalion  of   the  field  by  back  ampere-lums,  and  shifting 
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ijf  the  brushes,  arc  both  avoided.     Armature  reaction  is  discu; 
fully  later  in  connection  with  Figs.  134  to  137. 

A  still  further  simplification  consists  in  using  the  same  arma 
ture  winding  to  act  as  a  motor  and  as  a  generator  at  the  same  lime. 
This  is  accomplished  by  connecting  the  winding  to  the  sections  of 
a  commutator  in  the  usual  way,  and  also  to  collecting- rings.  A 
direct  current  supplied  at  the  commutator  will  cause  the  armature 
to  revolve  as  a  motor,  and  at  the  same  time  an  alternating  current 
may  be  obtained  from  the  collecting-rings.  This  current  will  b^_ 
angle-  two-  or  three-phase,  depending  ujron  the  number  of  collecl^| 
ing-rings,  and  the  points  of  the  winding  to  which  they  are  connected. 
For  example,  if  an  ordinarj*  bipolar  Gramme  winding  be  connected 
at  four  equidistant  points  (i.e.,  90°  apart)  to  four  collecting-rings, 
a  two-phase  current  may  be  taken  of!  from  the  rings.  Conversely, 
a  two-phase  current  fed  to  these  rings  will  enable  a  direct  current 
to  be  obtained  from  the  commutator. 

Such  a  machine  is  called  a  rotary  converter  or  simply  "rotary. 
The  latter  term  is  loose  and  converter  alone  is  sufficient,  bccai 
that  name  shttuld  no  longer  be  applied  to  the  ordinary  alternating- 
current  transfcjrniL-r. 

A  rotary  converter  may  be  used  also  as  a  double-current  generuta^M 
All  that  is  neccssar>-  is  to  drive  Jl  by  an  engine  or  turbine,  and  direct 
current  may  be  derived  from  its  commutator  while  altcrnallng 
current  is  taken  from  the  collecting-rings,  or  cither  may  be  obtained 
alone.  The  same  machine  may  thus  supply  locally  a  low-vohagc 
direct -current  system,  and  through  transformers  a  high-voltage 
alternating- current  system  at  a  distance.  Dynamotors,  rotary 
converters,  and  double-current  generators  are  more  fully  treated 
in  Chapters  V  anfl  X  of  Vol.  II. 

Balancing  of  Armatures. — \  perfectly  balanced  armature  rui 
so  smoothly  thai  one  can  hardly  detect  that  it  is  moving  at  all ;  whet 
the  slightest  excess  of  weight  on  one  .side  is  likqly  to  cause  vibration. 
This  produces  noise,  and  constantly  jars  the  machine,  which 
only  strains  it,  but  also  makes  the  brushes  spark. 

It  is  practically  impossible  to  construct  an  armature  core  ai 
winding  so  true  that  it  is  balanced;    hence  armatures  are  almc 
always  balanced  when  they  arc  nearly  ci^)mplctcd.    The  usual  pi 
is  to  place  the  armalure  with  Uie  ends  of  the  shaft  resting  on  two 
A-^aped  rails  which  arc  perfectly  level.    It  is  then  rolled  back 
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and  forth  until  the  lightest  point  is  found  by  the  fact  that  it  tends- 
lo  remain  uppermost.  A  piece  of  lead  is  attached  to  the  arma- 
ture at  this  point,  the  exact  amount  retjuired  for  perfect  balance 
being  found  by  trial 

Ordinarily  a  strip  of  sheet  lead  is  used,  and  is  held  by  a  band 
of  wire  wound  around  the  armature.  Another  arrangement  consists 
in  inserting  pencils  of  lead  in  holes  in  the  projections  of  a  toothed 
armature  or  in  the  core.  It  is  also  obvious  that  weight  may  be 
removed  from  the  hea\T  side  of  the  armature  in  order  to  secure  a 
balance.  This  may  be  done  by  boring  a  hole  in  the  core,  but 
is  open  to  the  objection  that  it  connects  the  disks  together  and 
impairs  the  lamination.  If  the  end  core-disks  have  been  made 
thick,  holes  can  be  drilled  in  them  to  obtain  a  perfect  balance. 

The  question  is  often  raised  as  to  whether  a  standing  balance  is 
a.lso  a  running  balance.  As  a  matter  of  fact,  a  body  balanced  static- 
ally is  also  balanced  dynamically,  provided  the  weights  are  s\"m- 
metrical  with  respect  to  the  axis  of  rotation.  In  Fig.  Ilia  weight 
of  2  lbs.,  at  a  radius  of  1  foot  from  the  axis  AA^  will  balance  a  weight 
of  1  lb.  at  a  radius  of  2  feet,  whether  standing  or  running,  because 
the  static  effect  and  centrifugal  force  are  both  directly  proportional 
to  the  radius,  and  the  weights  arc  in  a  line  perpendicular  to  the  axis 
jl-4.  In  Fig.  112  the  weights  will  still  balance  statically,  but  not 
dynamically,  since  the  ends  of  the  axis  A  A  will  be  pulled  in  opposite 
ions  when  running.     Ordinarily  a  weight  placed  in  the  middle 
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*an  element  of  the  armature  will  balance  it  suffidcnlly  well;    but 

il  is  necessary  to  obtain  a  running  balance,  it  may  be  found  by 

[Evolving  tlic  armature  in  bearings  which  are  mounted  on  springs, 

*  by  hanging  up  the  machine,  or  mounting  it  on  a  wheeled  lrucV.» 

"tights  are  tried  at  various  points  until  the  armalure  runs  &\.ca,dci\>j . 
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Binding  wires  arc  essential  on  smooth-core  armatures  to  pi 
the  inductors  from  being  thrown  out  by  centrifugal  foac.  They 
are  also  required  on  armatures  with  slots  in  which  no  provision  is 
made  for  wooden  wcdRes.  Steel,  phosphor  bronze,  or  other  mcta] 
wiiii  great  tensile  strength  and  poor  electrical  conductivity,  is  us*.tl; 
^nce  there  is  a  tendency  for  eddy  currents  to  be  set  up  in  these 
bands.  For  the  same  reason  a  small  wia'  about  .03  to  .06  inch 
in  diameter  is  employed.  These  bands  of  wire  are  }  to  1  inch 
wide,  and  about  3  inches  apart,  and  are  wound  on  strips  of  mica, 
to  insulate  them  from  the  conductors.  The  ends  of  the  wire  are 
secured  by  small  straps  of  thin  brass  folded  around  the  band  and 
soldered. 

It  is  particularly  desirable  that  the  annature  should  lose  its 
heal  as  rapidly  as  possible,  in  order  to  keep  down  its  temperature, 
and  any  covering  interferes  with  the  dissipation  of  heat.  Fur  that 
reason  armatures  are  generally  left  uncovered;  and  in  most  cases 
special  means  of  ventilation  are  provided,  usually  in  the  form  of 
openings  in  the  armature  core,  as  represented  at  DD  in  Fig.  06. 
A  convenient  way  to  secure  these  openings  is  to  introduce  plates 
similar  to  that  illustrated  in  Fig.  113.  In  some  cases  ventihitinn  is 
further  increased  by  providing  fans  or  wings  on  the  armature.  In 
armatures  having  slots  narrower  al  the  top  or  specially  formed 
for  the  piiri)o^e,  wooden  wedges  or  sticks  may  be  forced  into  the 
tops  of  the  slots,  which  gives  an  excellent  finish,  and  dispenses 
with  any  covering  or  binding- wires.  J 

Hq.  IIM»4  Car*  flat:  ^^^^M 

Commutators. — To  obtain  a  direct  current  from  an  anrtKU^ 
winding  wv  have  already  seen  that  a  commutator  is  required.     For" 
s.  doscd-coil  winding  iV  usuaU^  \xaa  ^  Var^  number  of  bars,  the- 
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maximum  average  voltage  between  adjacent  bars  being  usually 
limited  to  nineteen  volis  or  less,  while  for  the  open-coil — Brush  or 
Thomson-Houston — armature,  the  commutator  has  a  small  num- 
ber of  sections.  The  former  type  of  commutator  is  composctl 
of  a  number  of  bars  of  copper  5,  held  together  by  nuts  iVJV, 
and   washers  WW^  screwed  on  the  ends  of  cenlral  tube   TT^  as 

|p  shown  in  Fig.  114.  The  bars  are  insulated  from  the  washers  by 
mica,  as  rqjrescnted  at  MM  and  DD,  and  each  bar  is  insulated 
from  its  neighbors  by  sheets  of  mica  H.     The  bars  must  also  be 

■  insulated  from  the  tube  T,  either  by  a  tube  of  mica  C,  or  by  a 
sufficient  air-space.  It  is  very  important  to  have  the  parts  of  the 
commutator  perfectly  fitted  together  and  screwed  up  extremely 
tight,  in  order  that  there  shall  be  no  interstices  or  looseness. 
The  ends  of  the  sections  of  winding  may  be  connected  to  the 
projections  Z',  by  inserting  them  in  the  slots  F,  and  firmly  binding 
them  in  place  by  the  screw  H,  as  shown  in  the  smal3  detail  view. 

B  The  end  of  the  wires  and  the  screw  H  may  then  be  soldered  to 
make  them  still  more  secure,  and  they  may  be  released  at  any 
time  by  simply  applying  a  hot  soldering-iron  to  them.      Solder 
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I  Rone  is  not  sufficiently  reliable  for  holding  commutator  connec- 
tions. The  mica  insulation  may  extend  outward  between  the  pro- 
jections i*,  to  prevent  copper  dust  from  getting  between  them,  or 
the  projections  may  be  made  thinner  and  separated  by  air  spaces. 
For  example,  the  projections  P  may  consist  of  strips  of  sheet  copper 
set  into  slots  in  the  end  of  the  commutator-bars,  and  bent  around 
the  wires  at  the  outer  end.    Many  commutators  are  rmide  with  the 


fig.  }  14,    CvtUuttiwi  uf  Commutator. 
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washers  WW  entirely  ouiside  of  the  ends  of  the  copper  bars,  si 
that  the  cfTccttve  length  or  face  of  the  commutator  is  just  thatl 
much  shorter,  as  in  Fig.  115.    The  undercut  form  of  bar  shown  iaj 
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114  gives  so  much  greater  useful  surface,  however,  that  it  is 
latly  preferable.    Figs.  116  and  117  illustrate  different  designs  of 
clamping-rings  for  large  commutators. 

One  of  the  best  materials  for  commutator-bars  is  simple  rolled 
copper  rods  of  the  proper  cross-section,  and  cut  off  in  suitable 
lengths,  since  they  are  tough  and  of  uniform  texture.  But  these 
cannot  be  made  with  projections  such  as  P,  hence  drop  forginjcs 
or.  castings  are  used.  The  latter  are  not  usually  of  sufficient 
toughness  and  imiformity,and  require  to  be  annealed, rollc^l, or  treated 
in  some  way.  The  use  of  brass,  iron,  steel,  or  other  metal  except 
nearly  pure  copper,  has  not  usually, resulted  in  success,  for  the 
reason  that  these  metals  seem  to  burn  more  than  copper  under 
the  influence  of  sparking.  Attempts  to  substitute  other  insulating 
materials  for  mica  ha\'C  also  been  unsuccessful  in  most  cases. 
There  arc  many  varieties  of  mica  differing  considerably  in  hardness 
and  other  qualities.    It  is  ver>'  important  to  select  that  kind  which 
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wears  at  the  same  rate  as  the  copper.  If  loo  hard,  it  will  be  lift 
projccling  beyond  the  copper  and  prevent  the  brushes  from  making 
proper  contact.  On  the  other  hand  mica  that  Ls  too  soft  wears 
anay  and  leaves  furrows  between  the  bars  in  which  copper  dust 
collects,  causing  shorl-circuils. 

Brashes.  ^The  principal  kinds  of  commutator  brushes  which 
ha\*e  been  used  are :  — 

I.  A  simple  strip  of  springy  sheet  copper,  ilie  ends  of  which  are  slit  to 
injure  contact  at  .several  points,  and  set  almast  ]>crfect1y  tangent  to  the  cummu- 
laior.  These  -tie  used  on  the  Brush  and  Thomson- Houston  arc  dynamos  in 
which  the  cuTrcut  is  limited  to  tcii  amperes. 

t.  A  laminated  brush  composed  of  a  number  of  strips  of  thin  sheet  copper 
soldered  or  otherwise  held  together  at  the  end  fartlicst  from  the  commutator. 
These  brushes  -ire  called  "  tangential :  "  but  actually  they  are  beveled  off  at  the 
end.  and  inclined  to  the  tnie  tangent  in  order  thai  the  ends  of  all  the  sheets  may 
nuke  contact. 

3.  A  laminated  brush  similar  to  the  preceding,  but  with  the  sheets  placed 
perpendicular  to  the  axis  of  the  commutator.  The  objection  to  this  brush  l* 
the  fact  that  it  tends  to  wear  grooves  in  ihc  commutator.  This  brush  is  also 
placed  at  an  iiiclinatiun  lo  the  tangent. 

4.  A  rectangular  bundle  of  copper  wires  soldered  together  at  one  end. 
This  form  is  likely  to  cause  the  same  trouble  as  the  last,  but  not  to  the  same 

teal.     Its  position  is  also  ini:liued  to  the  tangent. 

fi.  Sheets  of  6nc  copper  gautc  arc  folded  or  rolled  up.  and  pressed  into 
ctangular  form.  These  brushes  make  a  very  perfect  contact  by  reason  of  their 
soft,  spongy  nature,  but  they  are  quite  expensive.  They  maybe  inclined  to 
the  tangent  like  the  three  preceding  forms,  or  ibey  may  be  set  radially.  The 
latter  position  gives  the  advantage  that  the  point  of  contact  dues  not  change 
as  the  brushes  wear  away, 

Q,     Slabs,  blocks,  or  rods  of  carbon  set  cither  radially,  or  inclined  to  the 
Ungcnt.  usually  the  former.     ('>raphi(e  or  a  mixture  of  graphite  and  carlwn 
also  used,  possessing  the  advantage  of  n  lower  cocfticicnt  of  friction,  some- 
at  higher  conductivity,  and  is  more  easily  cut  or  fitted. 
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Carbon  brushes  tend  to  keep  the  commutator  smooth,  in  fact, 
they  actually  polish  it ;  whereas  copper  brushes  tend  to  tear  and 
roughen  the  surface.  The  amount  of  wear  is  also  less,  and  a 
commutator  will  last  several  times  as  long  with  carbon  brushes. 
The  commutator  may  be  reversed,  and  run  in  cither  direction  with 
carbon  brushes ;  but  this  advantage  applies  more  to  motors  than  to 
dynamos.     Carbon  dust  is  far  less  objectionable  than  copper  dust 
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about  an  electrical  machine,  since  it  does  not  produce  such  a 
short  circuit.  The  chief  merit  in  carbon  brushes  is  the  reducti 
in  sparkinfj,  which  results  partly  from  their  smoothing  action,  an 
partly  from  the  gradiml  shutting  off  of  the  current  which  occurs 
when  each  commutator-bar  leaves  the  brush,  owing  to  the  higher 
specific  resistance  of  carbon.  Copper,  on  the  other  hand^  has 
such  a  high  conductivity  that  the  full  current  flows  to  each  com. 
mutator-bar,  even  when  it  has  almost  entirely  passed  from  under 
the  brush ;  and  then  it  is  very  suddenly  interrupted,  causing  a 
spark,  which  would  not  be  produced  if  the  current  were  gradual!; 
shifted  to  the  next  commutator-bar. 

This  explains  the  paradoxical  fact  that  a  certain  amount  ol 
resistance  is  desirable  in  a  brush.     But  as  this  resistance  is  on 
required  in  the  trailing  edge  of  the  brush,  attempts  have  beei 
made  to  increase  the  conductivity  of  other  portions  by  combining 
copper  sheets  or  wires  with  the  carbon. 

In  addition  to  the  high  resistance  of  carbon  brushes,  which  i 
decidedly  objectionable  except  in  one  edge,  they  arc  too  casi 
broken,  and,  having  no  flexibility,  the  least  roughness,  vibration, 
dirt  will  throw  them  out  of  contact  with  the  commutator  ;  nev 
theless,  they  arc  generally  preferred  unless  the  amount  of  curren 
is  too  great  for  their  conductivity.  The  use  of  rollers  instead  of. 
brushes  to  make  contact  with  the  commutator  has  often  been  tri 
but  has  not  been  successful  owing  to  the  small  area  of  contact. 

The  relation  between  pressure,  contact  resistance,  and  fri( 
tion  of  bruslics  varies  considerably,  but  average  figures  have  be 
found  by  experience.  Carbon  brushes  will  carr>'  about  40  ampe 
per  square  inch  of  contact  surface.  In  smaller  machines  this  mar 
be  increased  to  60  or  70  amperes  per  square  inch.  Copper  brushes 
arc  used  at  150  to  200  amperes  per  square  inch.  The  ordina 
pirssures  are  1.5  lo  2  lbs.  per  square  inch  for  carbon  and  1.25  to  1. 
lb».  for  copper  brushes.  Peripheral  speeds  of  commutators  varr 
Inxn  1,500  lo  2,500  feet  per  minute,  being  usually  greater  in  larger 
machines.  ■ 

Xbft  contact  resistance  of  bmshes  is  not  constant,  varying  approxi- 
mkK  inversely  as  the  current  density.  This  gives  a  fall  of  poien- 
tf  (ibop*  CK)  that  is  nearly  the  same  at  all  loads  within  practici 
^-  bnng  'S  to  1.  volt  for  carbon  brushes  at  each  contact. 
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practically  ail  cases  this  would  amount  to  1.6  to  2.  volts  foi 
two  contacts,  positive  and  negative,  of  a  machine.     It  is  not  mi 


figt.  tt9m  ami  117.     CvfMtnKtiam  of  Lar§a  Comamtmort' 

ally  affected  by  putting  a  number  of  brushes  in  parallel  in  each 
set  or  by  having  several  sets  as  in  most  multipolar  machines,  because 
this  merely  reduces  the  current  density,  and  the  contact  n.*sistance 
varies  in  the  inverse  ratio,  their  product  being  nearly  constant,  as 
already  slated.  The  rise  in  temperature  is  less  with  a  greater 
area  of  contact,  and  it  is  chiefly  for  this  reason  that  brushes  arc 
addcil  to  limit  the  current  density  to  about  40  amperes  per  s(|uare 
inch.  The  contact  resistance  of  coi>per  brushes  is  about  one- 
twentieth  of  one-tenth  that  of  carbon.  The  watts  lost  in  the  brushes 
are  calculated  by  multiplying  the  total  drop  in  volts  (=1.6  to  2.  i 
carbon)  by  the  total  current  that  Ihey  carrj*. 

The  coefficient  of  friction  of  brushes  is  atx)ut  .3  for  cart>on  an< 
.2  to  .25  for  copper.    The  loss  in  watts  due  to  carbon-brusli  fric- 
tion is  therefore: — 

.3X746 
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in  which  P  is  the  total  pressure  in  pounds  on  the  commutator  and 
-5  is  its  peripheral  speed  in  feel  per  minute. 

The  above  data,  electrical  as  well  as  mechanical,  assume  that 
the  commutator  and  brushes  are  in  good  condition.  If  they  are 
<lirty  or  rough  the  losses  due  to  contact  resistance  and  to  friction 
arc  both  increased,  in  some  cases  very  considerably. 

Bnish-HoldeiB. — ^The  devices  used  for  holding  the  brusAvM. 
against  the  commutator  with  the  proper  prcssutc  ^\ft«  '\tv  ciclo. 
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type  nf  machine,  and  no  general  rules  can  bo  laid  down.  The 
rtH|uircmcnls  to  be  fulfilled  by  a  brush-holder  arc  more  numerous 
and  difficult  than  one  would  expect.  The  brush  must  be  held 
securely,  and  at  the  same  time  it  must  be  fed  fon.vard  as  it  wears 
away.  It  must  be  capable  of  being  lifted  away  from  the  commu- 
talor,  and  preferably  held  out  of  contact  by  some  form  of  catch. 
The  brush  should  be  easily  removable  for  cleaning  or  renewal 
The  spring  pressure  must  be  adjustable. 

One  of  the  troubles  with  brush-holders  results  from  the  cur- 
rent passing  through  the  spring,  which  destroys  the  elasticity  of 
the  latter  by  healing  il.  This  may  be  avoided  by  insulating  one 
end  of  the  spring,  or  by  carrying  the  entire  current  directly  from 
the  brush  itself  to  the  main  conductors  by  a  flexible  copper  strip 
or  cable  firmly  connected  to  both. 

The  brush  holders  proper  are  carried  by  a  rocker  arm  for  bipolar, 
and  by  a  rocker  ring  for  multipolar  machines,  which  is  mounted 
upon  one  of  the  main  bearings,  or  upon  a  support  specially  pro- 
vided for  it,  and  Is  arranged  to  revolve  concentrically  with  the  shaft, 
so  that  ihc  position  of  the  brushes  may  be  shifted  back  and  forth 
until  the  minimum  sparking  is  obtained. 

It  is  also  desirable  to  have  the  brush-holders  capable  of  slight 
individual  adjustment,  that  is,  with  respect  to  each  other,  thus 
enabling  each  to  be  set  at  its  own  minimum  sparking- point  A 
form  of  brush-holder  is  illustrated  in  Fig.  118,  other  examples  as 


/If.  trc     0ni*ft-MfeM*r. 


^  ts  diffcivnt  styles  of  rocker  arms  and  rings  being  represent 
k  coBM<''**"  ^^*'**^  ^^^  t>'pical  machines  in  Chapter  XMIL 
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FIELD-MAOITET  CONBTRTTCTION. 

General  Form. — The  form  of  the  ficld-magnct  depends  pri- 
marily upon  whether  it  is  bipolar  or  multipolar.  The  former  was 
almost  universally  adopted  prior  to  1890  for  all  sizes  of  machine 
even  up  100  kilowatts  or  more.  Its  use  is  now  confined  to  small 
machines  of  less  than  Ti  kilowatts,  larger  sizes  being  made  multi- 
polar to  save  material,  as  explaineil  later.  Bi(H)lar  field-maKiictS 
may  be  of  Ihc  simple  horseshoe  type,  placed  as  In  the  original  Edison 
dynamos  (Fig.  139),  or  may  be  turned  with  pole-pieces  upward 
(Fig.  140).  often  called  the  "inverted  horseshoe."  The  term««rf;T- 
iype  is  frequently  applied  to  the  former,  and  ovtrtypt  to  the  latter, 
on  account  of  the  position  of  the  armature.  Some  designers  have 
put  the  horseshoe  form  of  magnet  on  its  side,  as  represented  in 
Fig.  119,  but  such  a  machine  is 


I 


r 
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unsymmetrical,  and  for  tha'^ 
leason  not  particularly  pleasing 
in  appearance.  Moreover,  the 
entire  base  of  the  machine  and 
the  bearings  are  connected  to 
one  of  the  pole-pieces,  and  the 
large  surface  thus  exposed  in- 
<reases  the  magnetic  leakage. 

This  type  is  interesting  from 
the  fact  that  it  requires  only  a 
Siingle    magnetizing    coil.       The 
<8amc  form  is  also  arranged   to 
stand  with  the  core  C  horizontal, 
t.he  armature  being  cither  over 
■^jr  under  the  latter.    In  this  case  the  bearings  must  be  supjjorled 
*j[)on  arms  of  bra.ss  or  other  non-magnetic  metal,  since  they  extend 
l"rom  one  pole-piece  to  the  other.    This  form,  as  well  as  the  undcr- 
l^pe,  is  open  to  the  objection  that  if  set  upon  an  iron  base,  the  latter 
"Xvould  act  as  a  magnetic  short  circuit  from  one  pole  to  the  other, 
LAnd  rob  the  armature  of  a  large  fraction  of  the  flux.    This  difficulty 
'^^vas  reduced  in   Edist^n  undert\"pe  machines,  which  are  no  longer 
»nai!U fact u red,  by  interposing  thick  pieces  of  zinc  between  the  pole- 
pieces  and  the  base;   but  even  with  this  construction  Hopkinson* 

•  Paper  on  "  Dynamo-Eicctric  Mathineiy,"  Fhii.  Troru.  o\  R»7ci  Soc.,V\k?  ?k,\**»^ 
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fount!  the  magnetic  leakage  through  the  base  to  be  10.3  per  cer 
of  the  total  flux.     The  other  form   (with  sin^^Ic  horizontal  core)' 
is  ordinarily  used  without  an  iron  baseplate,  the  polc-pieccs  being 
pmvitiL-d  with  fet-t,  ujion  which  the  machine  rests. 

The  overtype,  on  the  other  hand,  has  small  magnetic  leakage, 
because  the  poIe-pitHres  arc  not  near  the  base  or  other  magnetic 
conductor,  and  their  surface  is  less  than  in  the  undertype  or  in  the 
single-coil  magnet  shown  in  Fig.  ll'J.  Fig.  120  represents  a  radi- 
cally different  form  of  bipolar  ficld-magnet,  commonly  called  the 

Manchester  1)^)6,  from  the  fact  that 
machines  of  this  kind  were  designed 
by  Dr.  John  Hopkinson,  and  manu- 
factured by  Mather  &  Piatt  idf 
Manchester,  (England.  This  con- 
struction is  extremely  solid;  but  it 
has  the  undesirable  feature  that 
there  arc  two  magnetic  circuits  in 
parallel,  pmducing  what  are  called 
consequent  poles,  and  each  circuit 
requires  as  many  ampere-turns  as  a  single  (horseshoe)  magnetic 
circuit.    The  number  of  ampcre-tums  is  doubled,  but  each  is  only 
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Fig.  131.    BipPhir  Sing  Fiatd-HlagnmL 


\/\  times  as  long,  because  the  cross-section  of  each  core  is  one-half 
that  of  an  equivalent  single  core.  The  required  length  of  wire  is 
therefore  2xVi=l'41  times  as  great  for  the  double  magnetic 
circuit.  This  form  also  has  considerable  magnetic  leakage,  the 
entire  base  and  bearings  being  connected  to  one  of  the  pole-pieci 
the  same  as  in  Fig.  119. 

A  n'ng  arrangement  of  bipolar  field-magnet  that  may  be  partly 
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or  wholly  inclosed  is  iUustralcd  in  Fig.  121,  the  modem  tendency 
being  lo  adopt  machines  that  are  partially  or  completely  enclosed. 

Multipolar  field-magnets  are  adopted  in  practically  al!  machines, 
whether  for  direct  or  alternating  current,  excepting  the  small  direct- 
current  types  already  muntioned.  The  almost  universally  accepted 
form  consisls  of  an  external  ring  with  inwardly  projecting  cores 
terminating  in  pole-pieces,  as  shown  in  Fig.  122.  This  construc- 
tion has  the  advantages  of  strength,  simplicity,  symmetrical  api>ear- 
uncc,  and  minimum  magnetic  leakage,  since  the  pole-pieces  have  the 
least  possible  surface.  The  four  pole  magnet  in  Fig.  123  is  simple, 
smcc  only  two  coils  arc  required;    but  the  entire  base  and  upper 


%  177.  MunirttarlilifvFltUJiltvvt 


P(9.   123.     FMr-Pt>l€,   Tam-tMl  Mm^Ml. 


surface  are  magnetic,  and  the  two  poles  N  and  N  being  indirectly 
magnetized,  not  having  any  coils  of  their  own,  are  not  as  powerful 
as  the  poles  5  and  S,  so  that  the  magnetic  lines  are  more  easily  dis- 
torted in  the  former,  which  causes  sparking.  This  construction  is 
Iboroughly  compact  and  substantial,  however,  and  has  been  used 
where  space  is  limited,  or  where  a  machine  is  particularly  exposed 
to  mechanical  injurt",  as  in  mining-work. 

Material  for  Field-Magnets.— The  principal  materials  utilized 
for  the  purpose  are  wrought  iron,  cast  steel,  and  cast  iron,  which 
can  be  used  singly  or  in  combination. 

The  magnetic  qualities  of  these  materials  are  given  in  the  cur\'es 
in  Fig.  82.  Wrought  iron  and  cast  steel  have  the  same  permeability 
at  about  15,000  lines  per  square  centimeter,  below  that  the  former 
being  a  little  superior.  The  objection,  however,  to  the  use  of  wrought 
iron  for  field-magnets  is  the  difliculty  of  making  in  the  forms  required. 
This  may  be  avoidul  by  using  it  in  simple  forms,  such  as  the  \)Uun. 
<7Undcr  C  in  Fig.  119,  which  can  easily  be  made  Viry  cviX>Javfe  ^ 
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lengths  from  round  bars,  the  latter  being  very  cheaply  manufactured 
in  rolling-mills.  To  make  more  complicated  shapes  of  wrought  iron 
involves  forging,  which  is  expensive.  fl 

The   cheapening  and   development  of  the   process   of   casting^ 
*'mild"  steel  (soft  steel)  with  a  very  small  amount  of  carbon  has 
resulted  in  the  general  adoption  of  this  metal  for  ficld-magncts. 
It  combines  high  permeability,  cheapness,  strength,  and  the  ability 
to  be  cast  in  any  reasonable  form.     It  is  nol  economical  to  use 
cast  iron  for  the  ernes  of  field -noiignets,  since  it  requires  from  2  to 
2.5  times  the  cross-section  of  wrought  iron  or  steel  for  the  same 
reluctance.     With  a  circular  cross-scclion  this  requires  about    l.o 
limes  the  length  of  wire  f<jr  a  given  number  of  ampere  turns,  and 
ihe  necessary  weight  of  cast  iron  being  2  or  2.5  limes  greater,  makes 
it  clumsy  and  more  expensive.       For  polc-picccs,  yokes,  bases,  or 
other  parts  which  arc  nol  wound  with  wire,  the  extra  circumference  _ 
is  not  so  objectionable;    and  uflcn  the  increased  weight  is  positively f 
advantageous  in  giving  greater  stability.     Consequently  cast  iron  is 
often  used  for  these  parts,  and  steel  or  wrought  iron  for  ihe  cores. 

In  joining  cast  iron  lo  tht^se  ulher  metals,  it  is  hardly  sufficient 
to  butt  the  two  together,  as  represcntetl  in  Fig.  120,  because  the 
permeability  of  a  given  area  of  cast  iron  is  only  one-half  as  great. 
Hence,  to  secure  the  proper  surface  of  contact,  the  pieces  of  steel  or 
ftTOUght  iron  should  be  imbedileti  in  the  cast  iron  by  placing  the 
former  in  the  mold  when  the  casting  is  made,  or  the  cast  iron  mayS 
be  bored  out  to  receive  ihe  ends  of  the  cores,  as  shown  in  Fig.  1 19. 
Another  plan  is  to  inler|H)se  a  plate  of  wrought  iron  of  larger  di:imeter 
than  the  core,  lo  distribute  the  magnetic  lines.  Joints  in  the  magnetic 
circuit  are  not  desirable,  because  they  involve  work  in  tilting  them 
together,  and  may  cause  looseness  or  weakness,  usually  avoidable, 
however,  wilh  good  workmanship.  But  the  common  idea  that  joints 
introduce  great  reluctance  is  not  true.  An  ordinary  joint  is  equivalent 
to  an  air-gap  of  about  .005  cenlimclcr,  or  .002  inch,  according  to 
Ewing,*  which  is  practically  jjisigniiicant,  and  docs  not  at  all  war- 
rant the  making  of  complicated  castings  or  forgings  lo  avoid  one 
or  two  joints  in  the  magnetic  circuit. 

Size  and  Form  of  FieM-Magnet  Cores.— The  length  of  cores 
required  for  a  given  field-r-  depends  simply  upon  the  amount 
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of  field- winding.  The  turns  needed  arc  calculated  in  the  manner 
deicribcJ  on  the  next  page,  and  ihc  size  of  wire  is  found  by  the 
ractho;!  given  later.  It  then  oiJy  remains  to  make  the  core  long 
enough  to  receive  those  turns  properly,  and  txposu  sufficient  surface 
to  dissipate  the  heat  generated  by  the  current  and  thereby  prevent 
the  temperature  from  becoming  excessive.  The  last  question  is 
also  discussed  later  in  the  present  chapter.  The  cores  should  be 
^_  made  as  short  as  possible  compatible  with  the  heating  limit,  in  order 
^1  to  shorten  the  magnetic  circuit,  and  reduce  the  cost  of  the  machine. 
^B  The  area  of  cross-section  of  the  field-cores  is  determined  by 
^"  the  total  flux,  a  flux  density  of  13,000  to  16,000  lines  per  square 
centimeter  being  the  usual  limits  for  cast  steel  or  wrought  iron, 
and  G,000  to  7,000  for  cast  iron. 
^K  Having  ascertained  the  length  and  area  of  cross-section  of  the 
^»<:orc,  the  form  is  easily  decided  upon;  because  in  every  case  it  should 
lie  a  simple  cylinder,  unless  there  is  some  special  reason  for  making 
it  otherwise. 

Any  departure  from  a  circular  cross-section  is  objectionable  for 
Jtlne  following  reasons: — 

1.  The  circle  has  the  least  circumference  for  a  given  area, 
^Aen  the  perimeter  of  an  equivalent  square  being  13  per  cent  longer; 
L»id  a  rectangle  with  one  side  three  times  the  length  of  the  other  has 
L  perimeter  30  per  cent  greater  than  that  of  an  equal  circle. 


"  Assuming  a  circle  10  inches  in  diameter,  its  area  is  «*■'— 3.1416x25— 78.& 
sc|uarr  inches,  and  iis  circumference  is  ffXlO=31.4  inches.  To  have  ihe  same 
*»rca  a.  square  must  have  its  side  .r— V'TS.Q— 8-9  inches,  the  perimeter  being 
**  X8.9— 35.G  incites.  For  the  rectangle  3)rxy=78.9  or  the  shorter  side  y- 
2(3.3—5.1  inches  and  the  perimeter  is  aji+Oy^  40.8  inches.  The  perimeters 
•■n  31.4:35.6:40.8  or  1:1.13:1.30. 
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2.  It  is  much  easier  to  make  a  cylinder,  because  tlie  piece  Itself 
or  the  pattern  for  it  can  be  turned  in  a  lathe. 

3.  Cylindrical  spools  are  more  easily  made  than  elUpltcal  or 
rectangular  ones. 

4.  The  operation  of  winding  is  much  more  dilScuIt  with  a  rect- 
angular core,  since  the  strain  on  the  wire  is  ver)'  unsteady. 

5.  A  rectangular  or  even  an  elliptical  core  is  much  more  likely 
to  cause  a  short  circuit  between  the  turns  of  wire,  because  the  wires 
are  forced  together  at  certain  points  and  cut  through,  tk-c  vcvsviWCva^. 
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Similar  arguments  apply  to  a  core  bavii^  a  curved  axis, 
is,  a  ring  or  bow-shaped  neld-magnet  core. 

These  latter  are  far  more  difticult  to  wnd,  and  possess  little  or' 
no   compensating  advantage.    The   shortness  of  magnetic    circuit 
claimed  for  them  is  very  doubtful,  the  actual  length  of  core  being 
greater  than  if  it  were  straight,  because  the  winding  is  not  so  perfect 
It  often  happens,  in  the  design  of  d>'namos,  that  it  is  apparently^ 
desirable  to  adopt  a  core  which  is  not  circular  in  section  or  one  bavingS 
a  cur\'ed  axis;    but  it  is  better  to  change  the  entire  design  in  order  to 
avoid  these  forms,  except,  perhaps,  for  a  special  machine,  to  fit  in  a^ 
certain  limited  space.    It  is  also  allowable  to  use  field-cores  of  rect-^ 
angular  cross-section  when  the  ends  of  the  cores  form  the  pole  faces 
without  the  addition  of  pole-pieces;    it  being  usually  desirable  to 
have  the  pole  f^ces  rectangular.  h 

Calculations  of  the  Ampere-Tums  Required  in  the  Field -Coils.^S 
The  methods  given  for  determining  the  flux  in  a  magnetic  circuit 
arc  often  roundabout  and  difficult,  because,  as  already  stated  in 
the  beginning  of  this  chapter,   the  reluctance  depends  upon  the 
flux  density;    consequently,  it  is  necessarj'  to  find  or  approximate 
the  latter  before  the  value  of  the  reluctance  can  be  substituted  in 
the  formula.    This  trouble  is  avoided  in  most  cases  by  simply  fixing 
the  number  of  lines  of  force  to  be  used  in  a  given  case  by  calculation^ 
or  assumption  in  the  very  beginning.    The  next  step  is  to  allow  ftfl 
sufficient  cross-section  of  iron  to  carrj'  these  lines  of  force,  with 
a  reasonable  flux  density.    Knowing  the  latter  at  once  fixes  ihe 
value  of  the  reluctance,  and  the  necessary  number  of  ampere-lums 
is  found  by  solving  the  equation.    If  the  particular  solution  is  ndfl 
suited  to  the  various  conditions,  a  slight  change  in  the  original  assump- 
tions will  bring  it  to  the  proper  value.    The  more  preliminary  calcu- 
lations that  are  made,  the  more  perfect  and  reliable  will  be  the  final 
figures;  and  it  is  always  wise  to  make  assumptions  on  both  sides  of 
the  accepted  value  before  being  satisfied  that  it  is  the  best  one.     The 
amijere-lums  required  for  the  three  portions  of  the  magnetic  circuit 
— the  field-magnet  proper,  the   air-gaji,  and   the  armature  core — ^| 
arc  determined  separately.     By  thus  kcrping  these  quantities  inde- 
jjendent,  a  change  can  be  made  in  one  without  affecting  the  others-j 
In  llie  case  of  each  of  these  parts,  wc  have  the  required:— 

10    ^,     I         NL 

Ampere-tums=  ^  •  N-  -J-^r  T^^fT^^ 
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hich  iV  is  the  lotal  flux  in  lines  of  force  in  that  portion  of  the 

circuit  (see  Magnetic  Leakage  on  page  318),  Z  is  the  mean  length 

ccnliractcrs  of  the  lines  in  the  given  part,  A  is  the  area  of  cross- 

Bection  of  that  part  in  s(|uarc  centimeters,  and  ji  is  the  permeability 

of  ihc  material  which  may  be  obtained  by  dividing  the  value  of  B 

y  that  of  H  obtained  from  the  curves  in  Fig.  S2,  provided  B,  the 

tix  density,  is  kno\\-n.    The  latter  should  be  fixed  in  the  first  place 

•s  already  explained,  and  is  equal  to  N,  the  total  flux,  divided  by 

A^  the  area  of  cross-section.    It  should  also  be  remembered  that 

the  .^.-T.  per  centimeter  given  by  the  curves  must  be  multiplied  by 

.257  to  obtain  H  in  CG.S.  units. 

The  proper  density  to  allow  depends  upon  circumstances;    but 
usually  about  14,000  lines  per  square  centimeter  for  wrought  iron, 
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As  already  explained  on  page  260,  it  is  not  necessary  to  consider 
the  cross-section  in  calculating  the  A.-T.'s  required  for  a  given 
magnetic  circuit,  provided  its  length  and  the  flux  densit)'  are  known. 
This  applies  not  only  to  a  simple  case  w'ilh  uniform  material  and 
flux  density,  but  also  to  circuits  composed  of  different  materials  of 


various  sizes. 


The  magnetic  circuit  of  a  bipolar  machine  is  shown  in  Fig. 
124.  It  comprises  an  armature  core,  two  air-gaps,  and  the, 
magnet  frame.    The  data  of  this  circuit  is  as  follows: — 


I 
I 


Put. 


UkWrul. 


Total  PIm. 


Amuiture 

Gaps 

Pole-pieces. . , 
M  agnel  cores. 
Yoke 


Mild  sheet  steel 
Air 

Cast  steel 
Cast  steel 
Cft&I  steel 


4,000,000 
4,000,000 
5,300,000 
5,300,000 

5,300,000 


400  sq.an 

920 

505 

530 


The  total  flux  in  the  magnet  frame  is  greater  by  .3  than  in  the  gaps 
and  annaturc,  as  a  coefTident  of  magnetic  leakage  of  1.3  has  been 
assumed.  . 


The  trrm  effective  cross -.wet  ion  means  the  true  mndnctin(r  area.  For 
iiutancc,  tht:  crossscctioQ  of  the  armatun.-  can:  Is  444  square  centimeters  but  on 
account  of  armature  lamination  and  the  lamin.i;  insulation  only  90  per  cent  of 
this  is  iron,  and  therefore  the  effective  crDss-sectioo  la  90  per  cent  of  444,  or  400 
s^tiare  centimeters.  The  effective  cross-section  of  the  air-gap  is  greater  than  the 
polar  face  (which  in  this  instance  embraces  an  arc  of  I  '.Sh"^)  by  an  amount  allowed 
for  magnetic  fringing.  This  correction  is  equal  to  the  area  produced  by  mulli' 
plying  the  perimeter  of  the  polar  face  by  .8  of  the  length  of  otie  air-gap.    The 

area,  of  the  polar  face  is  21.75  X  ^^ —  —  824.3  squaic  centimeters.      Tb^| 

corrwrtion  for  fringing  is  .8[(21.75+ 37.9)2],  or  95.4,  so  that  the  total  effective 
area  of  the  air-gap  is  the  sum  of  these  quaotiti^  or  920  square  centimeters.       ^_ 

The  facts  ncccssan*  to  detemune  the  required  ampcre-tums  are 
the  flux  densities  in  the  various  parts,  and  their  efTeclivc  lengths. 
The  flux  densities  are  obtained  by  dividing  the  total  flux  by  the 
area  of  the  part  in  question,  and  the  length  of  the  magnetic  path 
is  determined  by  measurcmcnL 
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Tabulating  these  results  we  have: — 


Part. 

Flux  Density  per 
Square  Centimeter. 

Length  of 
Manietic  Path 
in  Centimeters. 

10,000 

4,350 
10,300 
14,000 

8,000 

35.6 
1.0 
16.0 
20.0 
4425 

Yoke 

By  reference  to  the  proper  magnetization  curves  in  Fig.  82,  the 
ampere-turns  per  centimeter  length  can  be  determined,  and  multi- 
plying these  values  by  the  total  length  of  each  part,  the  total  ampere- 
tiams  can  be  readily  obtained. 

No  curve  is  given  for  air,  since  its  permeability  is  unity,  and  as 
I>Teviously  explained  one  ampere-tum  will  develop  1.257  lines  of 
force  per  square  centimeter  cross-section  one  centimeter  long,  or,  if 
Xonger,  inversely  as  the  length. 

Tabulating  the  results  obtained  by  reference  to  Fig.  82: — 


Part. 


Armature 

T'wo  air-gaps .... 

T'wo  magnet  poles. 

Two  magnet  cores. 
V(Ae.T?r! 


Flux 
Density. 

Ampere- 
turns  per 
Centimeter 
Length. 

10,000 

4.350 

10,300 

14,000 

8,000 

2.0 

3,461.0 

4-8 

II. 6 

2.4 

Total  Length  of 
Hagnetic  Circuit. 


25.6 

1X2-2 

16X2-32 

20  X  2  —  40 

44-85 


Grand  total — ampere-turns. 


ToUl 
Ampere- 
turns. 


SI.O 

6,932.0' 
154 -O' 

464.0 

105.0 


7700 


These  ampere-turns  are  equally  divided  between  the  two  magnet 
cores. 

CalculaticmB  for  Sotted  Armatures. — ^The  armature  in  the  pre- 
ceding problem  was  assumed  to  be  of  the  smooth-core  type,  but 
when  slotted  armatures  are  employed,  the  area  of  the  air-gap  is  not  . 
simply  as  previously  stated,  because  the  effective  area  is  less.  In 
this  case  the  air-gap  area  may  be  taken  as  the  mean  of  the  polar- 
face  area  and  the  iron  area  at  the  face  of  the  teeth.  The  number 
of  teeth  so  reckoned  should  be  increased  by  one  or  two  over  the 
actual  number  tmder  one  pole,  to  allow  for  fringing,  such  allow- 
ance depending  upon  the  length  of  the  air-gap  and  ftvnt  d.etv'^\VN  \tv 
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the  teeth,  the  greater  allowance  being  employed  when  the  above] 
factors  arc  large. 

Teeth. — The  total  length  of  tooth  transversed  by  the  armature  flux 
is  equal  to  twice  the  depth  of  the  slot.  The  width  of  one  looth  mayfl 
be  taken  as  the  mean  \\idth.  The  nuniber  l)ing  under  one  pole- 
piece  may  be  taken  as  the  number  lying  within  the  polar  arc 
plus  one  or  iwo  extra  to  allow  for  fringing  as  previously  stated.  ■ 
The  magnetic  or  iron  area  of  one  tooth  is  its  mean  width  multi- 
plied  by  its  eflective  dimension  parallel  to  the  shaft  (which  is  the 
length  of  the  armature  core  minus  the  spaces  for  ventilation  ducts 
and  lamina;  insulation).  There  is  still  another  very  important  A 
point  to  be  considered :  when  the  teeth  are  worked  at  a  flux  density 
of  lo,oOO  lines  per  square  centimeter  or  more,  part  of  the  useful 
flux  will  pass  into  the  core  by  way  of  the  slots,  because  these  oflfcr 
a  path  in  parallel  whose  magnetic  permeance  is  comparable  with 
that  of  the  tecih.  It  follows,  therefore,  that  the  ampcre-tums  for 
the  teeth  calculated  on  the  basis  that  they  carry  the  total  flux,  will 
"be  in  excess  of  the  correct  amount  at  high  values  of  flux  density. 
It  is  therefore  necessary  to  determine  the  true  value  of  the  tooth- 
flux  density  before  the  A.-T.'s  can  be  correctly  determined. 

A  method  employed  by  S.  P.  Thompson  in  his  book  on  *'  Design 

of  Dynamos"  is  as  follows: 

Let  jVn  be  the  llus  from  one  pole; 

Ni  be  the  flux  actually  carried  by  the  teeth; 

Na 

B,  be  the  apparent  flux  density  in  the  teeth  =  -;= — --. —a 

'  ^*  ■'  effective  tooth  area 

Bt  be  the  real  flux  density  in  the  teeth; 

b  be  the  mean  width  of  a  tcwth; 

5  be  the  mean  width  of  a  slot; 

/  be  the  effcclivf  or  iron  length  of  armature  core; 

A  be  the  depth  (if  u  slot; 

/  be  the  ratio  between  the  effective  and  the  total  lengths  of  the 

armature  core. 

Then 

Iron  section  of  one  tooth=W; 

A-         •        /  .  S^ 

Air  section  of  one  slot      =  -r . 

The  total  section  of  air-space  per  slot  forming  an  altemati\'e 
paib  in  parallel  for  the  ftux  S&  g^vcn  by  the  area  of  one  slot  plus  the 
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area  of  the  insulation  between  laminations  and  ventilation  ducts, 
per  tooth,  or  section  of  air-space  per  tooth  and  slot  portion  is 

r^     /);-       /       • 

Now  the  flux  emanating  from  one  pole-piece  will  be  divided" 
between  tooth  and  air-space  in  inverse  proportion  to  the  reluctance 
of  these  two. 

The  flux  in  the  air-space  is  the  difference  between  the  total 
armature  flux  Na  and  the  tooth  flux,  or  (Na—Nt)- 

The  tooth  flux  Nt(x  -/■  ;    where  fi  is  the  permeability  of  the 

toothed  parts  when  the  true  flux  is  AT,;  also 

Flux  in  air-section  or  Na—Nt<x  —  —r, ■; 

/« 

since  the  path  is  air  or  equivalent  to  it,  ju  =  1. 

Dividing  the  expression  for  Nt  by  that  for  Na—Ni,  we  have 


Nt  }bfx 


or  reducing. 


Na-Ni     S-\-b-bj' 
N,     s+b-bji-bjft     5  • 


since  the  flux  densities  arc  proportional  to  the  total  fluxes. 

A  common  ratio  of  effective  or  iron  length  to  gross  length  for 
slotted  armatures  with  ventilating  ducts  is  .75.  Substituting  this 
\alue  of  /,  we  have 

Bt  _         .75bfi 
57~5+T25i  +  .756;z* 

To  put  this  into  practical  shape,  determine  the  values  of  6  and  5, 
also  of  Bg,  and  solve  for  Bi  and  /(,  the  value  for  5,  fixing  that  of  /i, 
and  these  must  be  such  as  to  satisfy  the  equation.  Cun'es  may  then 
be  plotted  between  5,  and  Bi  for  the  assumed  values  of  b  and  s. 
A  set  of  three  such  curves  is  given  in  Fig.  125,  and  knowing  5„ 
Bi  can  be  found  on  the  cur\-e.    If  /  has  a  value  differing  from  .75,. 
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^1      a  new  set  of  cun-es  should  be  constructed  when  great  accuracy  is   H 
^^      <lcsircd.                                                                                                     ^1 
^H           While  bipolar  forms  of  field  magnets  arc  stiU  extensively  em-   H 
^V      ployeil  for  llic  small  sizes  of  dynamos  and  motors  (up  lo  5  H.P.), 
^B      all  the  larger  sizes  arc  now  made  multipolar;  hence  it  is  advisable    ^ 
^^k      -to  consider  the  magnetic  calculations  of  such  a  machine.                  H 
^B           Let  Fig.   126  represent  a  part  of  a  modem  six-pole  machine,   H 
^V      with  a  flux  of  12,500,000  lines  of  force  entering  or  leaving  the   S 
^1      arnialure  at  each  field-pole.    A  reference  to  the  table  of  leakage    V 
^1      coelTicicnts  (page  3113)  gives  a  figure  of  about  I.IS  for  V;  hence  the 

^B                                             B'  on  APPARENT  FLUX  OENSCTV  PER  Sa  IN.  IN  TEETH 
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^M      flux  in  each  pole-piece  i^-ill  be  14,750,000  lines.    The  next  step  is  ^t 

^M       to  determine  the  magnetic  areas,  flux  densities,  and  lengths.                ^| 

H            The  Yoke,  consisting  of  cast  steel,  is  44.3  by  15.2^  centimeters.  H 

^1      or  678  square  centimeters,  in  cross-section.    The  flux  passing  through,  ^M 

^m      the   yoke  from  a  south   pole  to  a  north  pole  is  only  one-half  of   H 

^H      that  passing  through  the  poles,  since  there  arc  two  parallel  paths;   H 

Hi.           t_     «        ,      ■      .      ,_        .      .    7,375.000        ,^„^^  ..         ■ 
^m      hence  the  flux  density  m  the  yoke  is  - — w--„    -   or  10,850  lines.  ^1 

^m      The  length  of  path  of  the  magnetic  lines  in  the  yoke  is  142  ccnti-  ^M 
^^      meters  by  measurement.                                                                                ^| 
^H           Magnet  Cores. — These  consist  of  cast  steel  and  are  circular  in  ^M 
^V      cross-section,  their  diameters  being  3G.2  centimeters;  hence  the  area  ^M 

^M      of  each  is  1030  square  centimeters  and  Ihe  flux  dcsity  is  — *       ' — • 
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or  14,300  lines.    The  length  of  magnetic  path  in  each  core  is  3S.1 

centimeters. 

Polar   Shoes. — ^Thcsc   arc   casl-stccl  extensions  afTixed    to   the 

magnet  cores  to  increase  the  air-gap  area.    The  mean  area  of  each 

■    ,  «,.  ■  .  «       J      -      ■     14,750,O0U 

shoe  IS  1,274  square  cenlimeleni,  hence  flux  density  is        i  otj   ^ 

or  11,560  lines.    The  mean  length  of  magnetic  path  per  shoe  is 

6.9  centimeters. 

Air-Gap. — Since   the  design  under  discussion  is  of  the  slotu 

armature  type,  the  air-gap  area  is  an  average  of  the  areas  of 

polar  face  and  of  the  eflective  tooth  surface  underneath  the  sai 

44.3 
Polar  face  area  is  76.33  X2rX  ^iJi^X33.  "i"  1'966  square  centimeters. 

Effective    tooth    surface    is  as    follovi-s: — The  armature   core   has. 

22U  teeth  about  its  circumference;    hence  under  each  pole  ihert 

44  3 
are  220x  ™    teeth,  or  with  fringing  correction  this  becomes 

Iccth.    Now  each  tooth  is  .933  centimeter  on  top,  and  as  75  per 
cent  of  the  gross  length  of  the  armature  core  is  effective,  we  havi 
area  of  teeth  below  polar  face  as  follows: — 

28(.933X  36.2)  .  75,  or  70S  square  centimeters. 

,,-...  .    1,966+708     ,  „„, 

Hence  effective  air-gap  area  is ^ ^^  1,337  sijuare  centimetei 


hence  the  flux  density  in  the  air-gap  is 


12.500  000 
I,:M4 


9,350    Un< 


The  length  of  magnetic  path  for  air-gap  is  .833  centimeter. 

Teeth. — The  mean  area  of  toothed  portion  is  the  mean  width  of 
a  looth  multiplied  by  the  number  of  teeth  in  each  polar  arc,  muUi- 
plied  by  the  effective  length  of  the  core;  or  in  this  case 

9334-  818 
• ^ X  28X  36.2X  .75  =  660  square  centimeters. 

Apparent   flux  density— — ^^^^J — —18,950  lines.    From  curve  fi^ 

Fig.  125,  an  apparent  flux  density  of  18,950  Uncs  is  et^uivalent 
a  true  flux  density  in  the  teeth  of  18,300  lines.    The  length  of 
magnetic  path  in  teeth  under  each  pole  is  4.1  centimeters. 


■     CONSTXUCTION  OF  DYNAMO-ELECTHIC  MACHINES.     317 

Armature  Cora. — Since  there  are  two  paths  connecting  N  and 
5  poles,  the  flux  through  section  of  armature  core  is  6,250,000  line. 
The  material  of  the  armature  core  is  sheet  steel,  and  its  gross  cross- 
section  is  36.2X23,  its  effective  section  is  36.2 X 23 X. 75  or  624 


square  centimeters;   hence  the  flux  density  is 


6,250,000 
624 


or  10,020. 


The  length  of  magnetic  path  in  the  armature  is  85.25  centimeters 
by  measurement. 

Tabulate  the  preceding  data  as  follows: — 


Part. 


Material. 


Effective  Area 
in  Sq.  Cm. 


PIux  Density 

per  Sq.  Cm. 

orS. 


Length  of 
Path  in  Cm. 


Yoke 

M^nedc  core  (i) 
Magnetic  shoe  (i) 

Air-gap  (i) 

Set  of  teeth  (i).  . 
Aimature 


Cast  steel 
Cast  steel 
Cast  steel 

Sheet  steel 
Sheet  steel 


678 
1030 
1274 

1344 
660 
6s4 


10850 
14300 
11560 
9350 
18300 

lOZOO 


142 

38 

6 

o 

4 

85 


.00 
■70 
■90 

■833 
.10 


By  reference  to  magnetization  curves,  Fig.  82,  the  ampere-turns 
per  centimeter  length  are  determined;  tabulate  results  as  follows: — 


Part. 


Flux  Density 

per  S<j.  Cm. 

or  5. 


Ampere-tums 
per  Cm. 
Length. 


Total  Length 
of  Path 
in  Cm. 


Ampere-tums 

(or  Total 

LcnRth  of 

Path. 


Yoke 

Magnetic  cores  (2) 
Magnetic  shoes  (3) 

Air-gaps  (2) 

Teeth  (2J 

Armature  core  . . . 


10850 
14300 
11560 
9350 
18300 


5-4 

ia.8 

6.2 

7438.0 

126.0 

2.2 


142.00 

77.40 

13.80 

1.67 

8.30 

85-25 


766 
990 

86 

12411 

1034 

173 


Grand  total — ampere-tums  per  path  A  or  B. 


15460. 


The  lines  in  each  magnetic  path,  for  example  the  path  .4,  pass 
through  two  coils  so  that  the  M.M.F.  of  one  acts  in  series  with  that 

15  149 

of  the  other.    Hence  each  coil  contains  ■ — -„ —  =  7,575  ampere-tums, 

and  there  are  six  of  these  coils  in  aU. 
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Leakage.— The  determination  of  Ihc  flux  in  d  fferentj 


Magnetic 
pans  of  ihc  mugnclit:  circuit  should   take  account  of  the  fact  that 
considerable  magnetic  leakage  occurs.    The  exact  predetermination 
of  the   amount  of  leakage  is  very  difficult.    The    principles  and 
methods  are  given  by  Professor  S.  P.  Thompson.* 

Experimental    determinations  of   magnetic   leakage    in    various 
^forms  of  dynamo  have  been  made  by  Hopkinson,t  Ives, J  Puff« 
and  rrisbee  and  Stratton.| 

The  leakage  coefficient  v  is  the  ratio  of  total  flux  to  usetu 
field;  or,  in  other  words,  tt  is  the  number  of  lines  in  the  field-mag-^ 
net  divided  by  those  which  pass  through  the  armature.  There  is^ 
considerable  magnetic  leakage  from  the  field-cores,  as  well  as  from 
the  pole-pieces,  hence  the  flux  is  not  constant  throughout  the 
ficld-magnet.  Usually  the  maximum  flux  exists  in  the  middle  of 
each  field-coil,  but  often  the  measurement  is  made  at  the  middle 
of  the  yctke.  It  would  seem  best  either  to  take  the  average  flux 
in  the  field-magnet  in  calculating  v,  or  to  find  the  actual  flux  in 
each  part. 

In  calculating  the  ampere  turns  required  for  the  field-magnet 
itself,  it  is  necessary  to  multiply  the  armature  flux  by  v  in  order 
to  obtain  the  field  flux,  which  in  turn  determines  the  magnetic 
density  and  reluctance  in  that  part  of  the  circuit. 

The    following    table**   gives   the  value  of  the  coeflident  of^ 

TABLE  OF  LEAKAGE  COEFFICIENTS. 


CapAciiy  In  K.  W. 

Ovwtyp* 

Dipobr  Irancljul 

Malilpolar 

>-5 

35-100 

100-3CK1 

300-tooo 

1.23 

1.6 

1. 35 

»-3 

t.Z3 

t.i6 

1.32 

1.38 

•  Tht   FJfttromagHtt,   Lfmdiin    aiul  New  Viirli,    1891.   p.   178;  aUo*  "DesfgnoC 
Dynamiis."  I^hkIiiii  and  New  York.  l&OS,  pp.  23-27. 
t  /H//.  Tram.  Koy.  S»c.,  ISM. 
%EUtirical  tV^r/d  iH.  Y.).  vol.  xix..  p.  11,  1S92. 
§  E/trfrifa/  Krr'ifW  (Loivl.),  vol.  icjtx  ,  p.  487,  18SMI. 
^Eltttricat  /ftfr/rf(N.  Y.J,  Kcl>.  16.  1895. 
••  '*  Deii^  oi  Dynamo,"  S.  P.  Thompson.  London  «nd  New  York,  1808,  p. 
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leakage  for  various  sizes  and  types  of  machines,  the  leakage  being 
always  greater  with  the  smaller  sizes  of  machines,  cast-iron  magnets, 
or  smooth-core  armatures.  Any  pronounced  comers  or  projections 
<m  the  frame  ar   likely  to  increase  the  leakage. 

Methods  of  Field-Winding.  —  Having  calculated  the  number  of 
ampere  turns  required  for  a  given  field-winding,  the  next  step 
is  to  determine  how  the  exciting  current  shall  be  obtained.  The 
accompanying  diagrams  represent  the  five  principal  methods  of 
winding  the  field-magnet,  F.M.  being  the  field-magnet,  A  the 
armature,  and  E.C.  the  external  circuit.  The  direction  of  the  cur- 
rents is  shown  in  each  case  by  arrows.  The  separately  excited 
machine  (Fig.  127)  must  be  supplied  with  the  necessary  field- 
current  from  some  independent  source.  This  usually  consists  of 
a  small  auxiliary  direct-current  dynamo,  whose  only  function  is  to 
iumish  field-current  to  one  or  more  machines.     An  alternating- 


E.G. 


-»* — K     K     H     X 


fiq.  137.    8aparttUlg-€X0lU<l  FMd.  Fig.  728.    Serin-wound  Fhld. 

"^^urrent  generator  is  almost  necessarily  separately  excited,  its  own 
^^urrent  not  being  suitable  for  producing  the  field-magnetism. 
^elf-exciting  alternators  have  been  made,  however,  but  they  really 
^iironsist  of  a  small  direct-current  armature  incorporated  with  the 
**ain  armature.  Composite-wound  alternators  are  also  partially 
Self -exciting,  as  explained  later.  Direct -current  dynamos  are  often 
Separately  excited,  the  object  being  to  make  the  regulation  of  the 
field-current  more  independent  than  is  possible  with  a  self-exci- 
tation. But  this  extra  machine  would  not  be  ordinarily  desir- 
able except  for  several  large  generators  in  a  central  station. 

The  series-wound  machine  (Fig:  128)  is  the  simplest  possible 
Connection  ;  since  the  armature,  field-coils,  and  line  are  all  in  series, 
and  form  a  single  circuit.  This  is  applied  almost  exclusively  to 
dynamos  for  series  arc-lighting,  in  which  the  current.,  ■aivi  \^\ete.- 
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fore  the  fiell- magnet  ism,  are  appr.>xinatdy  constant.    Scrics-woui 
constant    potential   machines  arc  also  used  as  motors  for  railway 
and  other  purposes. 

In  the  plain  shunt-winding   (Fig.  129),  the  fiild-coils  consist 
many  turns  of  Hnc  wire,  as  indicated  ;  and  only  a  small  fraction 
the  current  passes  through  them,  they  heing  in  shunt  connccti( 
with  the  armature  and  external  circuit.     This  method  is  the  oi 
most  generally  used,  being  applied  to  dynamos  for  constant  pol< 
tial  lighting  and  power  distribution.     Formerly  it  was  used  alrat 
universally  for  these  purposes,  but  compound  winding  is  taking" 
its  place  both  for  light  and  power.    For  such  large  electric  lighting 
stations,  where  hand  regulation  is  required  constantly,  the  plain 
shunt  or  separately  excited  machine  is  still  generally  used.     Plaii 


P.M.  *MUNT  •MICB  HHUKT 

TTfinnroTimnr 


t<^- 


EX. 


1^ 


f\q.  I2».  fig.  130a.  Fig.  ISO*. 

Shunl-arauHil  Ffeitt.  Compound' ivauKii  Fl*tit. 


shunt-winding  is  also  usual  for  constant  p  Hernial  motors.  The  ti 
forms  of  compound  winding  (Figs.  130a  and  1306)  only  differ 
in  detail,  and  are  practically  the  same  in  action.  They  consist  of 
shunt-coils  of  fine  wire,  as  in  the  plain  shunt-winding ;  but  they 
also  have  series-coils,  which,  are  made  up  of  comparatively  feVl^| 
turns  of  heavy  wire  carrying  the  main  current  of  the  machine. 
The  direction  of  the  series  winding  is  such  that  it  augments  the 
magnetization  produced  by  the  shunt-coils,  so  that  the  greater 
the  current  drawn  from  the  machine,  the  stronger  the  field-mag- 
netism becomes.  By  properly  proportioning  the  series  and  shunt- 
winding,  a  compound  dynamo  may  be  made  to  preserve  practically 
constant  voltage  at  its  terminals ;  whereas  the  voltage  of  a  plain 
shunt  dynamo  tends  to  fall  considerably  with  increase  of  load. 
A  still  greater  number  of  turns  in  the  series-coils  causes  thCj 
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)lt^^  to  rise  when  the  load  is  increased,  thus  making  up  for 
the  drop  or  lost  pressure  on  the  circuits.     This  is  called  over- 

Impounding.,  and  is  usually  desired  for  a  rise  of  5  to  10  per 
nt  in  voltage  from  no  load  to  full  load. 
The  series<oil  is  sometimes  arranged  to  oppose  the  magnetiz- 
ing effect  of  the  shunt-coils,  this  combination  forming  what  is 
called  differential  winding.     This  has  been  used  for  motors,  and 
^^ia  also  applied  to  dynamos  which  run  at  very  variable  speed,  such 
^■ts  those  driven  by  windmills.     In  the  latter  case,  the  effect  of  the 
^^series-coil  is  to  weaken  the  field  if  the  dynamo  runs  too  fast,  and 
tends  to  generate  an  excessive  E.M.F.     The  effects  of  these  dif- 
ferent kinds  of   field-winding  are  shown  by  what  are  known  as 
eltamcteristic  cnn'es,  which   represent  the  relation    between    the 
E.M.F.  and  the  current  generated  by  the  machine.     The  magmti- 
zadon  curves  are  also  useful  in  showing  the  relation  between  the 
E.M.F.  and  the  ampere  turns  of  the  field-coils. 
B     Determination  of  the  Size  of  Wire  for  Field-Colls.  —  Hanng 
^■calculated  the  number  of  ampere  turns  required,  and  decided  upon 
the  method  of  winding,  the  next  step  is  to  find  the  proper  size  of 
■BInre  to  employ.     It  is  obvious  that  a  given  number  of  ampere 
turns  can  consist  of  a  great  many  turns  carrj'ing  a  small  current, 
^^r  vice  versa;  and  in  some  cases  neither  the  turns  nor  the  amperes 
^Bre  given  by  the  conditions  of  the  problem,  but  in  other  instances 
one  or  both  may  be  fixed. 

In  a  separately  excited  field-winding,  usually  the  E.M.F.   ol 

the  exciter  would  be  given,  and  the  selection  of  the  size  of  wire 

would   be  the  same  problem  as  for  a  shunt-winding.     If,  on  the 

contrary,  the  current  were  fixed,  then  the  scjiution  is  the  same 

^^s  for  series-winding. 

^p  A  series-wound  machine  being  almost  invariably  fed  with  a 
definite  and  constant  current,  the  required  number  of  turns  is 
immediately  found  by  dividing  the  amjjcroturns  by  the  given 
value  of  the  current.  The  size  of  vnvc  must  he  sufficient  to  carry 
lis  current  without  overheating.  This  matter  of  heating  will  be 
"taken  up  presently ;  hut  as  the  current  is  practically  always  10 
amperes  when  series  winding  Is  used,  the  size  of  wire  has  been 
found  by  experience  to  be  between  ^^  and  \  inch  in  diameter; 

Kat  is.  No.  10,  9,  or  8  B.  &  S.  gauge,  depending  chiefly  upon 
e  depth  of  the  winding. 


h 


333 


ELFXTRIC  UGHTINC. 


The  determination  of  the  best  size  of  wire  for  a  shunt-windini 
is  far  more  difficult.     The  quantities  which  should  be  known  ai 
the  ampere  turns  required,  and  the  voltage  by  which  the  shunt- 
winding  is  supplied,  Le.,  that  of  the  machine.     Various  methods-^ 
have  been  given,   but   none  are  very  satisfactory.      One  of  the 
simplest  is  that  suggested  by  F,  B.  Corey,*  who  takes  the  resist-^B 
ance  of  one  mil-foot  of  copper  wire  at  100°  F.  as  approximately  11 
ohms.     This  assumption  would  be  more  correct  for  98"  F. ;  and,^ 
moreover,  the  allowable  rise  in  temperature  for  a  dynamo  is  46*  C, 
or  81*  F.,  above  that  of  the  atmosphere,  which  latter  we  may  take 
as  20°  C,  or  68°  F.    Hence  it  would  be  safer  to  assume  the  resist- 
ance 12.25  ohms  at  65°  C,  as  it  is  most  important  to  have  the 
machine  work  well  at  full  load.     This  change  will  therefore  be 
made  in  Mr.  Corey's  figures.     The  resistance  of  any  copper  con- 

12.25X/: 


ductor  at  65**  C.  is  therefore  R  = 


in   which  L  is  th< 


Circ.  mils 
The  current  flowing  in  the  wire  is 

It  is  also  evident  that   the  ampere 


length  of  the  wire  in  feet. 
^  _  Voltage  X  Circ,  mils 

~  12.25  xZ. 

turns  in  any  winding  are  numerically  equal  to  the  amperes  that 
would  result  if  a  single  turn  of  wire  were  supposed  to  be  sub- 
jected to  the  given  voltage,  because  two  turns  would  have  twice 
the  resistance,  and  take  one-half  the  current,  and  so  on  for  any 
number.     Hence :  — 

Ampere  turns  -  ^°'^o^,^'"^  "^^S 
^  12.25  X I  * 

where  /  represents  the  mean  length  of  one  turn  in   feet. 
transposition  we  obtain  the  cross-section  of  the  wire  required : 

Circ.  mils  -  Ampere  turns  X  12.25  X/ 
Voltage 

In  applying  the  above  formula  to  a  shunt-winding  for  a  dynamo, 
allowance  must  be  made  for  the  resistance  of  the  rheostat,  which 
is  put  in  the  shunt-circuit  to  regulate  the  E.Af.F.      This  resist<^H 
ance  will  con.sumc  a  portion  of  the  voltage  amounting  to  from  lO^^' 
to  20  per  cent.     Therefore  the  voltage  substituted  in  the  formula 
should  be  10  to  20  per  cent  lower  than  the  E.M.F,  of  the  machine. 
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The  mean  length  of  a  turn  cannot  be  Hctcrmincd  exactly  in  the 
first  place;  but  It  can  be  approximated  closely,  as  windings  arc 
1  to  2  inches  thick  for  small  machines  and  4  to  6  mches  for  large 
ones.  Usually  the  mean  length  of  a  turn  is  about  25  greater  than  the 
circumference  of  the  core  itself.  A  certain  length  and  tliickness 
coil  are  rw|uired  to  give  sufficient  surface  to  gel  rid  of  the  heat,  as 
explained  later  in  the  present  chapter. 

A  more  elaborate  method  is  given  by  Mr.  Harrison  H.  Wood.* 
Methods  arc  also  explained  in  most  of  the  works  on  the  dynamo. 

Construction  of  Field-Coils. — The  operation  of  winding  iield- 
magncts  is  less  difficult  than  armature  winding;  the  number  of  coiU 
is  small,  the  connections  arc  not  complicated,  and  the  coils  have  a 
c>'lindrical  or  other  simple  form.  The  cylindrical  form  is  preferable, 
as  already  explained. 

It  is  customary  to  wind  the  field-coils  on  a  form,  spool,  or  frame 

to  avoid  the  necessity  of  handling  the  magnet  itself.    This  also  greatly 

facilitates  renewing  the  coils  in  case  of  accident  or  change  in  voltage. 

Wooden  s|K)oIs  are  sometimes  used,  but  they  are  likely  to  split  or 

crhip  off.     One  of  the  best  forms  consists  (jf  a  lube  of  tinned  iron  or 

tarass  with  a  flange  at  each  end  against  which  disks  of  stout  fiber  or 

«=>ther  insulating  material  arc  placed.    The  tul>e  is  also  covered  with. 

*  -wo  or  more  layers  of  fiber  or  stout  paper,  as  the  cotton  co%'ering  of 

tifcc  wires  is  not  suflicient  to  prevent  "grounding"  of  the  coiLs.     The 

Actual  winding  of  the  wire  is  a  simple  operation,  but  it  should  be 

«J.one  carefully  and  systemaltcally;  that  is,  as  nearly  as  possible  in  the 

*"cjrm  of  a  perfect  hcUx.    The  lime  saved  by  winding  in  a  haphazard 

fashion  is  poor  economy;    wires  being  much  more  likely  to  become 

astort- circuited  if  they  cross  each  other  at  a  considerable  angle  than 

if  they  lie  parallel,  because  they  cut  through  or  force  apart  the  cotton 

<:oveTing.     It  is  difficult  to  wind  fine  wire  in  a  perfect  helix;  but  even 

lin  that  case  winding  may  advance  progressively,  and  should  not  skip 

^ack  and  forth.    In  some  cases,  especially  with  heavy  wires^  no 

spool  is  required,  the  coll  Ijcing  wound  upon  a  form,  from  which  it 

is  removed  and  completely  covered  with  a  wrapping  of  tape  to  hold 

it  together  and  protect  it,  the  whole  being  treated  with  varnish  or 

shellac. 

The  most  serious  trouble  in  field-winding  is  in  bringing  out  the 


•  Curves  for  Winding  Magnets,"  EltctrKoi  World,  /vptil  11 ,  V^^ 


ends  of  ihe  wire.  If  ihc  inside  Icrminal  is  carried  through  a  hole 
in  one  end  of  the  spool,  it  is  likely  to  be  broken  by  blows  or  frequent 
bending,  become  short -cimiited  by  pressing  against  the  adjacent 
wires,  or  become  grounded  upon  the  spool  or  magnet.  It  should 
t/crcfore  be  thoroughly  insulated  and  pro  ected  by  a  stout  tube  or^ 
a  wrapping  of  insulating- tape.  It  is  possible  to  bring  both  endajf 
of  the  wire  to  the  outside  by  making  a  mm  of  one  for  each  layer  of 
the  other.  The  same  result  is  accomplished  by  u-inding  the  coil  in 
halves,  ibe  two  inner  ends  being  connected  so  that  the  other  ends  are 
outside.    This  comt^at>.s  ikc  winding  and  wires  of  great  diilercnce 


=^^ 


f^  sat. 


AM  OmI  TtrmiMU. 


COU. 
SlOUt^ 

•J 


tof  potential  maj'  be  brought  into  juxtaposition,  tending  to  break 
down  the  insulation.    Small  wizcs  roust  never  be  brought  out  them- 

)^sclvcs»  but  should  have  tenmnak  of  flexible  cable  connected  to  them, 
the  httcr  making  two  or  three  turns  around  the  spool  before  coming 

.out.    .\  common  and  reliable  mode  of  bringing  out  both  ends  of  a  coiL 
whether  of  larger  or  smaD  wiie.  b  shown  in  Fig.  131.    Tvm  sloi 
ODf^xr  strips  laid  between  insulating  disks  are  coomectetl  rcs] 
tiA'dy  to  tbe  two  ends  of  the  cofl. 

The  rowhKtor  in  a  series  or  compound  winding  has  to  carry 

i^-^-^—  niMn  current  Very  large  wires  being 
iwkward  to  handle^  se^^-ral  wires  in  par- 
oUel  may  thcnrforr  be  emplot-ed  for  these 
hca^T  cunests,  or  ribbons  of  copper  are 
used  for  such  fidd-coils.  The  turns  are 
^  *"•  insulated    bvm   one   another   by   tape 

utund  with  tbe  copper  strip.  The  inside  end  is  kd  out  by  fbldiog 
it  at  right  angks;  or  both  ends  may  be  biougfat  to  tbe  outsadr  bt 
foU'  i^xnp  in  the  middle,  as  npccscoted  in  Fig.  132.  and 

half  .-us  an  indepCttdeM  spiraL    The  two  spirab  sfaonkl 
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be  separated  by  a  little  space,  so  that  they  may  be  insulated  by  a 
sheet  of  fiber  or  mica. 

B  Dynamo  Bases. — In  most  cases  a  generator  is  provided  with  a 
^[st-iron  base  or  bed-plate,  which  supports  the  field-magnet  and 
bearings.  It  consists  of  a  simple  box  nf  cast  iron,  open  at  ih? 
bottom,  in  order  to  give  stiffness  wlihout  j?reat  weight.  On  this 
base  the  field-magnet  and  bearings  arc  firmly  bolted,  and  it  shruld 
be  sufficiently  rigid  to  stand  any  reasonable  strain  without  the 
slightest  appreciable  bending. 

In  bcll-conncctcd  machines  the  iron  base  usually  rests  upon  a 
TJcooden  base-Jrame  bolted  in  the  foundations;  the  former  being 
anungcd  to  slide  back  and  forth  on  rails  laid  upon  the  base-frame, 
in  order  to  regulate  the  belt-tension  by  means  of  screws.  A 
direct  connected  generator  of  small  or  medium  size  is  usually 
tKdted  directly  to  the  same  cast-iron  base,  or  sub  base,  as  the 
engine.  In  some  cases  a  generator  and  engine  are  coupled  together, 
-ach  being  complete  in  itself  and  having  its  own  base.  Very  large 
iirect -connected  gMierators  and  engines  may  be  set  on  separate 
oundalinns. 

Dynamo  Bearings  and  Pedestals.— These  are  simple  mechanical 

onsinictions  of  ordinarj-   form.     The  only  peculiarities  arc   their 

euglh,  onlinarily  four  to  .six  times  the  diameter  of  the  shaft,  on 

account  of  the  high  speed,  anil  the  fact  that  almost  all.  generators 

as  Well  as  motors  arc  provide<l  with 

^>wirings   which   are   self-oiling    by 

nieans  of  rings  or  other  devices,  as 

shown  in  Fig.  IIW.    The  bearings 

^te    often     made    self-aligning    by 

pnjviding  the  bearing  proper  with 

*o   enlarged     central    portion    of 

'iphtrical  shape  (Ftg.  133),  held  in 

^  spherical    scat    formed    in    the 

pwlcstal  by  turning,  milling,  or  by 

tiMtng    Babbitt    or    other    fusible 

rDPl:il  around  it,  thus  allowing  the 
»Uaring  to  adjust  itself  to  the 
^piaci  direction  of  the  shaft.    The  upper  half  of  the  box  can  be 

taken  off  to  facilitate  renewal,  etc.,  and  to  permit  the  armature  to 


Flf,  Its.    Smff-Oiiing  Btarlng. 


^e  removed. 
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The  rings  shown  in  the  self-oiling  bearing  revolve  with 
shafts  and  feed  the  latter  with  oil  continuaUy,  which  ihey  bring 
up  from  the  resen'oir  below.  The  din  settles  to  the  bottom;  and 
the  upper  portion  of  the  oil  remains  sufficiently  clean  for  a  long 
time,  after  which  it  is  drawn  off,  and  a  fresh  supply  poured  in 
through  holes  provided  in  the  top.  These  latter  are  often  located 
directly  over  the  slots  in  which  the  rings  are  placed,  so  that  the 
bearings  can  be  lubricated  immediately  by  means  of  an  oil-cup  if  S 
the  rings  fail  to  act  or  the  resen-oir  becomes  exhausted.  ^^ 

Length  of  Journals. — In  order  to  insure  durability  and  proper 
operation,  it  is  necessary  in  all  high  speed  machinery  to  make  thcs 

journals  of  considerable   length  as  compared  with  their  diameter 

The    following    table    gives    the    ratio    existing    between    jnnrpA.   ~\ 
diameters  and  lengths  as  employed  in  general  practice:* 


R-P-m. 

lOO 

tee 

300 

400 

Soo 

roo 

•00 

I, toe 

Diameter 

I 

2 

3    5 

3 

.1  »S 

.^■5 

3  7S 

fl 

Bearing  Friction.— The  losses  due  to  bearing  friction  may  vai^  -^tv 
from  2  per  tent  in  small    (50  kilowatts  or  less)  sizes  to  less   th — r"" 
i  per  cent  in  the  case  of  vcr>' large  machines  (1,000  kilowatts  ^     or 
overj.    The   rate  at  which  heat  is  generated  in  the  bearings       fl 
IPSTzd  ^^ 

^■^•'"iav'tinof)'  ^^^"^  / '5  ^^^  coefficient  of  friction,  P  the  loi_3i"id 

in  pounds  on  the  bearing  under  consideration,  5  the  speed  in  r.p.i 
and  d  the  diameter  of  the  journal  in  inches,  or,  expressed  in  wati 

IV  =» — 7^^ — '\  f  varies  from  .04  to  .1,  depending  upon  the  cu 

dilions  of  bearing  surface. 

Calculation  of  Heating  Effects  in  Field-Coils  and  Armatures.  — ' 
The   design   of  a  dynamo   involves  the  predetermination   of  C^ 
temperature  lo  which  the  various  parts  will  be  raised.    This  cmji 
only  be  approximate,  as  it  depends  upon  many  conditions,  such 
as  the  location  of  the  machine,  temperature  and  humidit)*  of 
atmosphere,  etc.;    but  it  should  be  determined  as  closely  as 
sible.    The  rate  at  which  heat  is  produced  in  the  field-coils  is* 


*  The  DyM>"0,  tlawkins  &  Wallis,  London,  1903,  pp.  324-32S.. 
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;rfectly  definite  quantity,  being  equivalent  to  CR  v.atts.  TWff- 
jat  will  cause  the  temperature  of  the  coils  to  rise  until  the  rate 
U  which  it  is  lost  is  equal  to  the  rate  of  its  production,  when  the 
jmperalure  becomes  sialionar}'.  Unfortunately,  the  rate  at  which 
le  hcai  is  lost  cannot  be  accurately  calculated,  being  dtssipatc<l 
radiation,  convection,  and  conduction,  no  one  of  which  can  be 
taclly  determined. 
Experience  has  shown  that  a  certain  rise  in  temjwrature  is 
allowable,  this  being  usually  put  at  40°  or  45°  C.  {72"  or  81°  F.) 
above  the  temperature  of  the  surrounding  air.*  Tests  have  also 
(iemonsiratcd  that  this  rise  in  temperature  is  not  usually  exceeded 
U  a  certain  surface  of  coil  is  allowed  for  each  watt  converted  into 
heat.  This  depends  upon  the  form,  position,  and  character  of 
the  surface.  Furthermore,  authorities  differ  in  regard  to  what 
surface  shouhl  be  considered.  In  some  cases  only  the  external 
cylindrical  surface  of  the  coil  itself  is  counted,  in  other  calcula- 
tions llic  end  tlanges  of  the  coils  are  also  included.  As  it  is  a  fact 
thai  the  internal  surface  against  the  core  usually  dissipates  heat 
even  more  rapidly  than  llie  external  surfut:e,t  the  former  should  be 
included  and  the  total  surjace  considered.  On  this  basis  from 
I  to  2  square  inches  of  surface  arc  required  per  watt  lost  in  order 

(>  limit  the  temperature  rise  to  45°  C. 
Tkf  objectwfuible  ejects  produced  by  h€<U  in  the  field-  or  annature- 
>ils  are:  First,  danger  of  damaging  or  actually  burning  the  insula- 
on.  Second,  interference  with  the  regulation  of  the  machine; 
because  the  resistance  increases  .4  per  cent  for  each  1°  C.  rise  in 
lem[XTalurc,  which  would  have  the  effect  of  considerably  reducing 
the  field-strength  of  a  shunt  dynamo.  Third,  this  rise  in  resistance 
increases  the  loss  of  energy  due  to  the  C^R  effect  in  all  the  con- 
ductors, and  thereby  lowers  the  efficiency.  Fourth,  expansion  due 
to  the  heat  might  cause  trouble  in  the  bearings  or  other  parts  of 
le  machine. 
The  calculation  of  the  annature  temperature  is  even  more  difii- 
It  than  that  of  the  field,  more  factors  being  involved.  Heat  is 
luced  not  only  by  the  C^R  effect  in  the  armature  conductors. 


i 


•  SUndardization  Report,  Trams.  Amtr.  Irui.  EUx.  Bag.,  vol.  »x-  (1902).  pages 
'$-1091.     Giv-en  in  full  as  an  appendix  fn  Vol.  11.    Sec  also  under  HoUing  ia 
CtuipteT  XIX  of  the  prescnl  volumr. 

t  EUariaii  World,  July  13,  1901,  p.  S6. 
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but  also  by  eddy  currents  and  hysteresis  in  the  armature 
Heal  generated  in  the  commutator  and  bearings  may  also  produce 
considerable  effect.  The  following  expression  gives  the  loss  due 
to  eddy  currents  in  laminated  armature  cores: — 


Watts  lost  per  cubic  inch  =  40.64X»'BVxiC- 


13 


in  which  M-is  the  frequency  or  number  of  pairs  of  poles  passed  per 
second,  B  is  the  flux  density  in  lines  per  square  inch,  and  t  is  the 
thickness  of  the  plates  in  inches.  The  eddy-current  loss  Is  propor- 
tional to  the  squares  of  the  speed,  flux  density,  and  the  :hicknes& 
of  a  plate,  as  shown  in  the  formula. 

The  calculation  of  hysteresis  has  been  considered  in  the  begin- 
ning of  this  chapter.  Knowing  the  tlux  densiti'  in  the  armature  core, 
reference  to  the  cune  in  Fig.  83  gives  the  loss  in  watts  per  cubic 
inch.  This  constant  multiplied  by  the  numl)c*r  of  cubic  inches  of 
iron  in  the  armature  core  is  the  loss  per  cycle.  Finally,  multiplying 
by  the  frequency  gives  the  hysteresis  loss  in  watts.  M 

Eddy  currents  and  hysteresis  arc  best  determined  by  actual  test™ 
of  the  completed  machine,  their  combined  effects  being  called  cort 
losses.  They  can  be  separated,  however,  by  running  the  armature 
at  two  different  speeds;  eddy  currents  being  proportional  to  the 
sf|uarc,  and  hysteresis  to  the  first  power  of  the  speed.  If  R',  is 
the  loss  due  to  both  at  the  speed  S^,  and  W^  at  the  speed  5j,  x  the 
hysteresis,  and  y  the  eddy-current  loss  at  speed  5»,  then, — 


W^  =  x^y    ^ind     W 


irom  which,  by  eliminating  -t,  we  have 


^AW^-W,) 


and        JC^W,— y. 


It  is  custotnarj'  to  allow  a  certain  surface  per  watt  lost  In  the  arma- 
ture.    The  dissipation  of  heal  is  dependent  ufwn  the  size  and  foi 
of  Ihc  armature,  the  ventilating  effect  due  to  speedy  and  other  practi< 
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conditions.  The  temperature  rise  B^  in  degrees  centigrade  of  an 
armature  in  which  \\\  total  watts  (iron  and  copper  losses)  are  being 
wasted,  can  be  estimated  by  the  formula 


m  wmcft  A  is  the  cooling  surface  of  the  armature,  the  internal 
surfaces  being  often  omitted,  and  v  is  the  peripheral  vettH,ily  in  feet 
per  minute.  In  most  machines  the  amstant  a  is  between  50  for 
rell- ventilated  armatures,  and  90  for  those  with  less  vcnlilalion. 
'Similarly  the  constant  h  varies  from  .OOOS  to  .0004. 

Heating  and  its  effects,  when  due  to  some  defect  or  accident, 
are  considered  under  Diseases  of  Dynamos,  Chapter  XIX. 

The  rough  rale  that  wires  for  field  winding  should  have  a. 
cross-section  of  about  1,200  circular  mils  per  ampere  for  small 
machines,  1,500  to  2,000  for  large  ones,  and  armature  conductors 

KOO  to  900,  is  usually  approximately  correct,  providing  the  thick- 
ess  of  winding  is  moderate.     It  scr\es  at  least  as  a  guide  until  the 
lore  exact  size  can  be  determined  by  the  methods  given  above, 
in  which  the  surface  is  considered. 
^K      Armature  Reaction. — The  principles  of  the  magnetic  circuit  and 
^'ihc  method  <if  calLulaling  the  ampere-turns  required   to  produce 
the  necessary  flux  have  been  given,  but  the  effect  of  Oie  field-magnet 
H|lone  was  considered.    When  an  electric  generator  is  doing  work, 
the  total  current  flows  through  its  armature  coils,  setting  up  a  M.M.F, 
in  addition  to  that  of  the  field  and  tending  to  produce  a  correspond- 
ing flux.    This  phenomenon  is  called  annature  reaction  and  plays 
an  important  part  in  the  action  of  the  machine. 

The  conditions  arc  shovm  diagramatically  in  l''igs.  134  and  137» 
which  represent  an  armatiire  A  of  a  dynamo  and  a  field-magnet  of 
horseshoe  form,  but  only  the  pole-pieces  5,  TV",  and  the  two  field 
coils  BB  and  CC  are  illustrated.  The  field  and  armature  wind- 
^jngs  are  indicated  in  section  by  circles,  being  marked  +  when  the 
^burrenl  flows  toward  the  obsener,  —  when  it  flows  away  from  him, 
and  left  blank  when  carrying  no  current.  In  Fig.  134  the  field  is 
supjxised  to  be  separately  excited  to  full  strength  and  there  is  no 
current  in  the  armature.  The  flux  represented  by  dotted  lines  vs. 
in  this    case   quite  uniformly  distributed  in  VHe  ^\e-^ftc«s,  iCvc- 
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Raps,  and  armature  core.    If,  now,  ihe  field-circuit  be  opened  and 
a  current  be  supplied  to  the  armature  e({ual  to  that  generated  by  ^m 
it  at  rated  load,  a  M.M.F.  will  be  set  up  and  a  flux  prtxluccd  as  ^ 
indicated  by  dotted  lines  in  Fig.  135.    This  armature  lt,MJ^.  and 
flux  are  at  right  angles  to  those  due  to  the  field,  because  the  current 
enters  and  leaves  the  armature  at  the  jxiinis  A"  and  S'  naidway 
between  the  pole-tips.    The  result  is  that  current  flows  toward  the 
observer  in  all  of  the  left-hand  half  of  the  armature  and  the  other  S 
way  in  the  right  half,  tending  to  prcxlucc  a  north  pole  at  A'^'  and  a  ^ 
fiouili  pule  at  S'.     U\  fact  these  poles  actually  exist  and  manifest 


peeee© 


QQQO° 


N' 


,00000 


—  SI 


rN — 


fliff.  IS«.    Rum  Ow  t»  FitU  Ahmt. 


oooooB 


'    S'  V 


c88888 


Pig,  1SS.    fIVM  Oh*  to  Armattm  i/oM. 


!B_i*;.  c2t! 


i^MB, 


H    K 


»©e 


.® 


I/eeeee 


v©^ 


''Si 


;b  ^%^' 


I 

L 


fig,  130.    F/m  Dm*  (»  flm»  ontf  Mrmatan. 


e6' 


S 


IN 


o    L     'I  J- 


themselves  strongly  when  tested  with  a  magnetic  needle  or  a  piece 
of  iron,  the  field  circuit  being  open  as  slated. 

When  a  d}'namo  is  generating  current  the  field  Jf.if.F.  txA 

armature  M.M.F.  both  exist  at  the  same  time  and  a  resultant  flux 

is  produced,  as  represented  in  Fig.  136.    Thi.s  flux  is  distorti-d  in 

two  respects:   first,  it  is  oblique,  and  second,  it  is  crowded  together 

at  one  of  the  S  pole-lips  and  at  the  opposite  N  pole-tip.    Sui 


i 
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stortion  results  naturally  if  the  magnetic  conditions  in  ihc  two 
preceding  cases  are  combined-  The  crowding  of  the  lines  at  two 
of  the  four  pole-tips  may  be  simply  explained  by  considering  that 
there  is  a  strong  magnetic  attraction  between  the  field  pole  S  and 
Uie  armature  |wlu  iV',  also  between  N  and  S\  so  that  the  lines  are 
most  dense  at  these  points.  Conversely  they  are  scattered  betwcfen 
N  and  JV'  and  between  S  and  5',  because  there  is  repulsion  with 
like  poles.  Stated  more  scientifically,  the  magnetic  difference  of 
potential  and  the  flux  density  arc  greater  between  S  and  N'  than 
between  5  and  S". 

The  oblifjuity  of  the  flux  resulting  from  armature  reaction 
requires  the  brushes  to  be  shifted  in  order  that  they  shall  be  at  the 
neutral  points.  Assuming  thai  the  proper  position  for  the  brushes 
is  at  right  angles  to  the  general  direction  of  the  lines  of  force,  as  is 
the  case  for  a  Gramme  ring,  then  they  should  be  placed  in  a  vertical 
line  passing  through  the  center  of  the  armature  in  Fig.  134,  the 
flux  being  horizontal  with  no  current  in  the  armature.  When  the 
armature  current  flows  and  the  fiux  becomes  obllriue,  as  explained 
in  connection  with  Fig.  13fi,  the  line  through  tlic  brush  contacts, 
called  the  line  of  commutation,  should  be  shifted  until  it  is  practi- 
cally perpendicular  to  the  fiux. 

These  relations  arc  shown  by  vectors  in  Fig.  1373,  the  line  OF 


ftg.  1S7m.    tfflffiMf'v  UwMrVtun  im  Armaturw. 


representing  in  value  and  direction  the  M.M.F,  due  to  the  field 
magnet  and  the  line  OA'  the  armature  Sf.M.F.  with  the  brushes 
in  a  vertical  position.  In  this  case  Of^  is  the  resultant  M.M,F., 
and,  the  flux  produced  being  parallel  to  it,  the  bruslies  should  be 


332 


ELECTAJC  LIGHTING. 


shifted  to  the  line  OA"  perpendicular  to  OB!.  The  armature 
component  of  M.M.F.  also  shifts  to  this  direction,  but  its  mag- 
nitude OA"  is  unchanged  because  the  ampere-tums  remain  the 
same.  This  will  produce  a  new  resultant  OR" ,  and  the  brushes 
should  be  further  shifted  until  the  line  of  commutation  OA  is  ap- 
proximately perpendicular  to  OK^  the  final  resultant  MM.F.  These 
conditions  are  also  represented  in  Fig.  137,  02^  being  the  field 
\f.M.J'.  and  OA  the  armature  M.M.F.  with  the  brushes  shifted. 
The  M.M.F.  resultant  is  OR  and  the  main  line  of  flux  FQ  is  an 
extension  of  it. 

Cros3  and  Back  Ampere-Turns. — It  will  be  noted  in  Figs.  137 
and  137a  that  the  M.M.F.  resultant  OR  not  only  differs  from  OF, 
the  field  M.M.F.,  in  direction,  but  is  also  considerably  less  in  mag- 
nitude, because  of  the  opposing  effect  of  OA,  the  armature  M.M.F. 
The  latter  may  be  resolved  into  two  components,  one  of  which,  OB, 
directly  opposes  the  field  M.M.F.,  and  the  other  being  at  right 
angles  merely  distorts  the  flux.  The  armature  conductors  are  divided 
in  two  parts  by  the  line  of  commutation  LK,  one  half  carry- 
ing current  toward,  and  the  other  half  away  from,  the  ubscr\-cr. 
Another  line  DE  is  drawn  through  the  armature  center,  making  an- 
angle  with  the  perpendicular  etjual  to  that  made  by  LK.  Two 
vertical  lines  GI  and  IIJ  are  drawn  through  the  intersections  of 
DE  and  LK  with  the  armature  pcriphcr\-.  Considering  only  the 
conductors  included  between  these  vertical  lines,  it  is  seen  that 
they  form  a  magnetizing  coil  directly  opposed  to  the  field  coils  BB 
and  CC;  consequently  they  are  called  hack  ampvrc-tums,  and 
the  flux  obtained  is  due  to  the  difference  between  the  field  ampere- 
tums  and  these  back  aniperc-tums.  The  other  conductors  to, 
the  left  of  GI  and  to  the  right  of  HJ  constitute  a  coil  whose  M.M.F. 
is  at  right  angles  to  that  of  the  field  ami  back  ampere-tums,  and 
for  that  reason  are  called  cross  ampcrc'tums.  Their  effect  is  lo^ 
distort  the  flux  and  alter  its  direction,  as  already  explained.  Com- 
paring figs.  137  and  137a,  it  is  evident  that  the  back  ampere- 
tums  between  the  lines  GI  and  HJ  in  the  former  are  proportional  to 
and  may  be  represented  by  OB,  the  counter  M.M.F.  in  the  Utter; 
similarly  the  cross  ampere-tums  ouLside  of  GI  and  HJ  may  be 
represented  by  OC,  the  cross  M.M.F.  In  most  machines  the  l>ack- 
ampere-tums  are  from  20  to  35  per  cent  of  the  total  ampere-tums 
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I —  on  the  annature,  the  remainder  beinj?  cross  ampere-turns.  Hence  h 
^^  il  is  necessar)'  to  increase  the  field  ampere-turns  by  the  amount  of  ^| 
^H    these  back  ampere-tums.  ^| 

^H  The  actual  |>olarity  of  the  field  magnet  and  of  the  armature     ^| 

^"  may  be  ascertained  by  the  ordinarj'  rule  that  the  direction  of  ihe  " 
current  is  counter-clockwise  when  the  north  pole  of  a  magnet  is 
turned  toward  the  observer.  The  relative  polarity  in  all  cases  fl 
is  easily  determined,  the  poles  of  a  generator  armature  being  near 
ihe  tips  of  the  pole-picccs  toward  which  il  is  revolving,  and  each 
armaiurc  pole  has  the  same  sign  as  that  of  the  neighboring  field 
pole.  The  latter  fact  is  e\ndent  when  it  is  considered  that  in  the 
case  of  a  generator  the  rotation  of  its  armature  is  resisted  by  mag- 
netic repulsion-  On  the  other  hand,  the  repulsion  tends  to  make 
ihc  armature  of  a  motor  revolve,  the  poles  of  the  armature  being 
near  the  pole-tips  away  from  which  it  is  turning  and  having  similar 
polarity.  There  is  also  magnetic  attraction  existing  between  the 
armature  poles  and  the  other  pole-tips  which  opposes  the  rotation 
in  a  generator  and  assists  it  in  a  motor.  This  is  not  given  as  the 
best  way  to  regard  the  action  of  these  machines,  but  it  serves  to 
determine  the  position  of  an<l  relation  between  the  magnetic  pules 
of  the  armature  and  field.  It  is  more  correct  to  consider  the  nega- 
tive lorque  or  opposition  to  rotation  of  a  generator  and  the  posi- 
tive torque  of  a  motor  as  being  due  simply  to  the  force  e.xcrtcd 
between  a  magnetic  tield  and  an  electric  current,  so  that  the  polarity 
developed  may  be  reganled  as  incidental. 

The  Principles  upon  which  Sparking  Depends.— The  most  im- 
portant precaution  in  regard  to  direct  current  generators  or  motors 
is  the  avoidance  of  sparking  at  the  commutator.  There  is  no  trouble 
in  preventing  sparking  so  long  as  a  machine  is  lightly  loaded;  but 
as  soon  as  the  current  approaches  its  full  value,  the  tendency  lo 
sparking  increases,  and  to  avoid  it  certain  conditions  are  required 
in  the  design  of  the  machine.  There  arc  also  many  causes  of  spark- 
ing, due  to  some  defect,  or  to  improper  working  of  the  machine; 
but  these  wnll  be  considered  under  Diseases  of  Dynamos,  Chapter 
XIX,  confining  our  attention  for  the  present  to  those  actions  which 
depend  upon  the  original  design. 

Fig.  138  represents  a  portion  of  a  ring  armature  at  the  instant 
when  the   -f  brush  B  is  touching  the  two  commutator- bars  1  and 
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fig.  laa. 

PrtndpUB  upon  lotihti  SparMInf  Otpfnti, 


2.    The  cofl  F"  is  now  shorl-circuiled  and  the  currents  from  the 

two  sides  of  the  arnialun:  flow 
out  from  the  coils  £  and  G  into 
the  brush  B,  as  represented  by  the 
two  solid  arrows.  The  next 
moment  the  commutator-bar  2 
will  leave  the  brush  B;  and  the 
current  will  then  be  obliged  lo 
pass  through  the  coil  F,  as  indi- 
cated by  the  dotted  arrows.  It 
will  require  a  certain  time  for 
this  current  to  estabb'sh  itself  in 
the  coil  F,  due  to  the  self  induc- 
tion of  the  latter;  and  during  thai 
time  an  arc  will  be  formed  be- 
tween the  brush  B  and  the  bar  2 
by  that  portion  of  the  current  which  does  not  pass  through  the  coil  F. 
This  tendency  to  sparking  being  caused  by  the  self-induction  of  the 
coil,  each  section  should  have  as  few  turns  as  possible.  To  obtain 
a  high  E.M.F.,  however,  the  total  number  of  turns  of  wire  must  be 
large;  and  it  is  not  practicable  to  have  more  than  a  certain  number 
of  commutator-bars  anfl  sections  of  winding. 

Fortunately  the  sparking  can  be  avoided  by  the  action  of  the 
machine  itself.  If  the  position  of  the  brush  B  is  such  that  the  coil 
F  is  just  coming  under  the  intluence  of  the  [wle-picce  S,  then  a  certain 
small  K.M.F.wiW  be  generated  in  it,  and  a  current  will  flow  through 
it,  because  it  is  shurl- circuited  by  the  brush,  as  represented.  The 
direction  of  this  current  will  lie  that  indicated  by  the  dotted  arrows; 
and  if  lis  value  is  equal  lo  the  current  tn  the  toil  G,  thrre  will  be 
no  self-inductive  elTcct,  or  tendency  lo  sparking,  when  it  is  intro- 
duced into  the  circuit  by  the  commu(ator-bar  2  passing  from  under 
the  brush,  since  there  is  no  change  in  the  electromagnetic  conditions* 
To  avoid  sparking,  therefore,  the  small  E.M.F,  generated  in  the 
coil  F  should  be  just  sufficient  to  produce  the  proper  "current  for 
reversal"  through  its  comparatively  low  resistance.  This  result  is 
secured  by  shifting  ;thc  brush  for\\ard  (i.e.,  in  the  direction  of  rota- 
tion) until  the  short-circuited  coil  is  brought  under  what  is  called 
ihe  "fringe"  of  lines  of  force  issuing  from  the  edge  of  the  pole-piccc- 
A  precisely  corresponding  action  takes  place  at  ihc  other  brush, 
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rushes,  of  a  bipolar  or  multijxjlar  machine.    The  reason  foe 

shifting  the  brush  fo^^va^i  is  apparent  when  it  is  considered  that 

the  current  generated  in  the  short-circuited  coil  must  be  in  the  same 

ircction  as  that  in  the  coils  ahead  of  it,  because  it  is  about  to  be 

hrown  into  circuit  with  them.    In  a  motor  the  brushes  arc  shifted 

Jbackward  Ixxausc  the  armature  current  is  reversed  with  respect  to 

at  of  a  generator  having  the  same  direction  of  field  magnetism. 

t  appears,  therefore,  that  the  shifting  of  the  brushes  to  obtain  cur- 

nl  for  reversal  is  in  addition  to  that  demanded  by  armatiirc  reac- 

,on.     In  other  words,  the  posiiive  angle  0}  lead  in  a  generator  and 

the   nfgaiive  lead  in  a   motor  correspond  to  the  sum  of  the  two 

effects  in  order  to  have  minimum  sparking. 

It  is  e\*idcnt  that  when  the  armature   currt^nt  is  increased,  the 
rrcnl  for  reversal  must  increase  to  the  same  extent,  and  the  brushes 
should  be  shifted  still  farther  forivanl  in  a  generator.     It  has  been 
explained   under  the   head   of  iirmalure   reaction   that   the   neutral 
lints  also  move  forwanl  with  increase  of  armature  current,  which 
\^o^dd  be  another  reason  for  shifting  the  brushes  with  variations 
in  load.     This  is  so  objectionable,  however,  that  commercial  ma- 
chines are  carefully  deslgnctl  to  avoid  it;  by  limiting  the  seU-induc- 
n  of  the  armature  sections;  by  making  the  field  M.M.F.  strong 
compared  with  that  of  the  armature;    and  by  the  use  of  carbon 
brushes  which    secure  "forced  commutation,"   their  high    resistiv- 
ity  having,  the   effect    of  gradually   introducing  current   into    the 
short-circuited  coil,  as  explained  under  the  hea<l  of  carbon  brushes. 

ISeTf-induclion  of  the  armature  coils  is  rcduce<l  by  making  the  slots 
wide  compared  with  their  depth,  by  placing  few  turns  in  a  slot,  and 
by  arranging  them  so  that  their  mutual  induction  tends  to  decrease 
the  >rparking. 
I      It  is  obvious  from  Fig.  !37tf  that  the  angle  ROF,  through  which 
Ihc  flux  is  distorted,  is  ctjual  lo  the  angle  A'OA,  througli  which  the 
brushes  are  shifted,  and  that  both  of  them  may  be  reduced  by  mak- 
ing  OF  the  field  M.M.F.  large  with  rcspc*ct  to  OA   the  armature 
^^Af.M.F.     In  this  way  we  obtain  what  is  called  a  "stiff  field,"  that 
^Bs  strong  enough  to  prevent  armature  reacttiin  from  having  too  much 
^^B0ect-    It  is  possible  thus  to  design  machines  with  little  or  no  spark- 
ing, even  when  grcally  overloaded,  but   the  cost  of  the  field  magnet 
would  bt  excessive.     In  practice  a  comj^romisc  is  usually  adoptcd\VV\ft. 
field  MMS.  at  the  air-^^aps  being  made  10  to  SO  \i«;T  ccwX  i£Et-A.\.tx 
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than  the  armature  M.M.F.*    It  is  evident  that  only  the  portion 
the  field  M.M.F.  at  the  air-gaps  is  effective  in  controlling  armature 
reaction,  the  rest  being  used  up  in  overcoming  the  reluctance  of  the 
iron  parts  of  the  magnetic  circuit.     Hence  the  component  OF  in 
Figs.  137  and  137a  represents  this  effcclivc  .If.M.F.,  and  its  value^ 
is  equal  to  the  total  Held  M.M.F.y  less  the  amounts  required  for  thefl 
field  magnet  and  the  armature  core.     Usually  the  air-gap  ^f.^f.F. 
is  from  75  to  85  per  cent  of  the  total  M.M.F.  of  the  field  winding,! 
Consccjuently   the   ampere- turns   on    the   armature    in    most    ca« 
should  not  be  more  than  50  to  75  per  cent  of  those  on  the  field. 

This  limitation   may  be  expressed  in  another  way,  by  stating' 
that  the  llu.\  density  in  the  air-gap  should  be  about  100  times  ihc^ 
araperc-lums  per  inch  of  armature  periphery.     Usually  the  formc^| 
is  40,000  to  60,000  lines  per  square  inch,  so  that  the  latter  should 
not  ordinarily  exceed  4.00  to  600  ampcre-tums.  otherwise  the  arma-j 
turc  current  is  likely  to  distort  and  weaken  the  flux  excessively^ 
thus  producing  sparking  at  the  brushes. 

Various  special  methods  have  been  devised  to  compensate  ftii 
armature  reaction,  such  as  that  developed  by  Professor  H.  J.  Ryan.t' 
which  consists  in  providing  the  machine  with  "balancing  coils'*  that 
have  the  same  number  of  turns,  and  carry  the  same  current,  as  the 
armature  conductors,  but  arc  opposite  in  their  magnetizing  efrect^M 
thus  neutralizing  the  armature  reaction-    This  and  other  device3,fl 
such  as  auxiliary  reversing  magnets  and  the  Saycrs  winding,  are 
treated  by  Professor  D.  C.  Jackson  in  his  Text-Book  on  Eicctrojnag- 
nelism    and   the    ConstriictUm   oj   Dytuimos.    'Jhe   use    of  rarlion 
brushes  reduces  the  tendency  to  sparking,  by  gradually  starting  the 
current  in  the  short-circuited  coil,  owing  to  the  considerable  rcsi&^| 
liviiy  of  the  brush,  as  already  explained  under  the  head  pi  carbon 
brushes. 

Methods  of  Regulating  Dynamos. — The  E.M.F.  of  a  shunt 
a   separately  excited    generator  can  be  very  perfectly  and  convt 
niently  governed  by  inserting  a  rheostat  or  variable   resistance  in' 
circuit  ivith  the  field  winding.     By  increasing  or  decreasing  this- 
resistance  the  field-current,  and  therefore  the  E.M.F. ,  arc  reduced^ 
or  raised.     This  resistance  is  usually  controlled  by  hand;   but  it  is 
also  operated  automatically  by  electromagnetic  devices  which  keep 

*  Eketrit  Generaicrj,  by  Panhnll  and  Hobart,  p.  1 17.  ^H 

f    "A    Mclhod   for   Pn-vrnling  Armalure   Reaction,"   Trant.   Amtr.   fmtl,   Stet* 
£fig.,  rol.  xii.,  March,  1895;  atw  iOcclrkot  Ensinm,  D«c.  25.  1806. 
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ic  voltage  approximately  constant  in  spite  of  variations  in  load, 
tcmperaiurc  of  shunt  winding,  etc.     (See  Vol.  II,  p.  57.) 

»The  shunt  coils  of  a  com  pound- wound  dynamo  are  regulated 
1  the  same  manner  as  in  a  plain  shunt  machint.'.    The  scries  coils 
ct  automatically  to  inca^ase  slightly  the  llux  and  EM.t\  in  pro- 
portion to  the  load  or  current. 
^H      The  current   of  the    constant-current  dynamos    used   in   series 
BKarc  lighting  is  governed  by  special  regulators  adapted  to  each  par- 
ticular type,  being  described  in  Chapter  XVIII. 
^ft      An  interesting  method  of  regulating  a  constant  current  dynamo 
^^onsists  in  driving  it  by  a  steam-engine  having  no  speed -governor. 
If  the  steam  pressure  and  current  generated  by  the  dynamo  are 
properly  adjusted  to  each  other  in  the  first  place,  then  the  current 
wU  be  kept  constant  so  long  as  the  steam  pressure  does  not  vary, 
for  the  reason  that  any  increase  in  current  will  cause  a  slowing 
I     down  of  the  engine,  and  vice  versa.    The  combination  of  the  two 
^Knachines  is  therefore  self-regulating,  and  the  engine -governor  as 
^^w*ell  as  the  dynamo-regulator  are  both  eliminated. 
^^       The  general  subject  of  direct  and  alternating-current  regulation, 
^Httcluding  special  devices  such  as  boosters,  is  fully  treated  in  Volume 
^Hl  under  Electrical  Distribution,  where  it  naturally  belongs. 
^V       The  Insulation  Resistance  cf  Armature  and  Fiild  Windings. — 
The  current  carried  by  the  armature  or  field  conductors  should 
never  be  allowed  to  pass  into  the  cores,  not  only  because  of  loss 
of  encrg)*,  but  to  avoid  the  complete  I)rcaking  down  of  the  insula- 
tion, which  would  l>e  almost  cert:un  to  occur  if  a  leak  is  allowed 
exist.    In  the  case  of  high-tension  machines  it  is  imperative  to 
ive    the   conductors   perfectly    insulated   from    the   frame   of   [he 
Imachine,  to  avoid  the  danger  of  shock  to  those  who  lent!  it.     Thcre- 
)rc,  a  certain  minimum  insulation  resistance  should  l>c  maintained 
recn  the  conductors  and   the  cores  or  frame.     The  insulation 
jsisiance  tests  should,  if  possible,  Ijc  made  at  the  pressure  for  which 
le  apparatus  is  designed.     The  Insulation  re.sistance  of  the  com- 
iletcd  apparatus  must  be  .such  that  the  rated  voltage  of  the  appa- 

itus  will  not  send  more  than  .  j.„„  „^„  of  the  full  load  current 

through  the  insulation.    When  the  value  found  in  this  way  exceeds 
1  megohm,  1  megohm  is  sufiicient.* 

•  SUDdardizaUun  Report,  Trans.  A.  I.  £.  £.,  voL  nx.,  MnY-^xme, WW^ 
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Besides  the  mere  insulation  resistance,  it  is  necessary  to  cor 
^der  the  point  at  which  the  insulation  will  break  down  entirely. 
A  test  might  show,  for  example,  an  insulation  resistance  of  10  meg- 
ohms, but  it  might  be  punctured  and  destroyed  if  500  volts  were 
applied  to  it.  It  is,  therefore,  necessary  to  make  a  "break-down 
test"  also  at  a  potential  from  two  to  five  times  the  voltage  for  which 
the  machine  is  intended.  The  Standardisation  Committee  of  the 
A.I.E.E.  in  their  report  suggested  the  following  "break-down  le&t** 
voltages:* — 


Rated  Tcnninftl.  Voltt. 


lUted  Output. 

I'nder  lo  Kw.  . 

10  Kw.  and  over, 
t'ndrr  lo  Kw,,  , 
10  Kw.  sad  over, 

Any 

Any 

Any 

Any 

Any 


Tm:  VultaCB 
AC. 


Not  exceeding  400  volts 

Nol  exceeding  400  volts - 

400  arvrl  over,  but  le«  tKan       Soo  volts. 

400  and  over,  but  ]ms  than      Soo  volts. 

Soo  and  over,  but  Iras  ihnn    1,200  volts. 

1,200  &nd  over,  but  l(^ss  than    a.^oo  \'olt«. 

1,500  and  over,  but  less  than  10,000  vulls. 

to,ooo  and  over,  but  less  than  zo,ooa  volts. 


90,000  and  over. 


1,000  votts, 
1.500 
1,500      " 

3,O0O  " 

3.500       " 

5tO0o       " 

Double  the  normal 

rated  volugM. 
10,000  volts  above 
normal    rated 
voltages. 
50%  atwve  normal 
rated  voltagei. 


I 


The  voltage  required  to  break  down  cotton-  and  silk-covered 
wires,  fibres,  mica,  etc.,  has  been  investigated  by   Canfield   andfl 
Robinson  ;t  the  data  in  regard  to  the  latter  materials  have  also 
been  determined  by  Steinmctz  %  and  others. 

The  effect  of  moisture  on  insulation  resistance  has  been  studied 
by  T.  T.  P.  Luquer,§  and  the  effect  of  temperature  by  F.  C.  Reeve.  j| 

•  Standardization  Repon,  Trant.  Am.  Inst.  E.  E.,  May-Juoc,  1902,  voL  Jtix. 

^  EJfdrkat  Hngine^.  Manh  28,  ISU4. 

I  Trans.  Am.  Inst.  £/«.  Eng..  %-ol.  x.,  p.  85,  1893. 

f  Ekctrie^il  Engines,  Dec.  2ft,  ISM. 

i  £/«.  FvMr  (N.  Y.),  June.  1895. 
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CHAPTER   XVIII. 


TTPIOAX.  FORMS  OP  aENERATOH  TOR  ELEOTRIO    uaHTINO- 


Thb  lypes  of  generator  used  in  electric  lighting  are  so  numcr* 
ous,  and  are  modified  so  frequently,  ihat  it  is  useless  to  attempt 
to  describe  all  of  ihem.  Moreover,  the  principles  laid  down  in 
the  preceding  chapter  arc  intended  to  enable  one  to  miderstand 
and  judge  any  particular  forai  on  Its  merits.  An  examination 
of  the  machines  themselves  is  by  far  the  best  way  to  compare  them; 
and  next  to  that  the  most  definite  and  complete  information  regard- 
ing the  different  forms  can  be  obtained  from  the  catalogues  of  the 
-various  manufacturers- 
Certain  tyi>es,  however,  are  so  important  and  interesting  that 
They  deserve  a  description  which  will  also  be  of  assistance  in  study- 
ing other  forms. 

The  various  electric  generators  may  be  divided  into  the  fol- 
lowing classes: — 

A.  Direct-Current  Machines. 

1.  Conslani- potential  }or  lighting,  power,  railwayf  and  electro- 

chemical purposes. 

2.  Closed-coil,  conslanl-current  for  arc  lighting, 

3.  Open-coil,  constant-current  for  arc  lighting. 

B.  Alternating-Current  Machines. 

4.  SingUphase,  constant- potential  lor  lighting  and  other  purposes 
6.  Polyphase,   constant-potential,  lor  lighting,  pcnuer,  and  other 

purposes, 

DISeOT-CUBRESri'.  CON8TAJVT-POTBNT1AI.  aBUnGBATOBS. 

This  is  the  most  common  form  of  generator,  since  it  is  used  for 
incandescent  lighting  in  nearly  every  isolated  plant  and  in  a  large 
number  of  central  stations.  The  current  generated  by  it  is  also 
suitable  for  constant-potential  arc  lighting,  electric  motors,  electric 
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heating  and  cooking  apparatus,  storage  batteries,  electFochcznical 

and  electromctallui^iral  purposes,  etc. 

The  annalurcs  of  these  machines  are  pmvick'tl  with  closed- 
windings  of  eilhcr  the  drum  or 
type.  The  ficld-magncts  are  usually 
eilhcr  shunt  or  compound  wound,  but 
in  some  cases  are  separately  excited. 
They  are  bipolar  or  multipolar  in 
form,  resulting  in  considerable  differ- 
ences in  design  Jind  appearance; 
former  will  be  considered  first. 

The  Edison  Dynamo  is  historic 
ally  the  most  prominent  example  of 
this  class.    It  consists,  as  shown  in 
Fig.  139,  of  a  horseshoe  fundertypc) 

field-magnet,  and  a  smooth-core  drum  armature.     The  pole-picccs 

are  magnetically  separated  from  the  base  by  zinc  castings. 


fig.  tSO.     f4/«Mi  Bipolar  Dummo. 


m»^: 


1^.^ 


?^^ 


'i-i'.*^ 


fig.   140.     1h»  Crvtf(tf'Wf>**itr  BipolAf  C^ntutto. 

This  \y\>ii  was  formerly  employed  in  nearly  all  low-tension  incan-' 
lescent -lighting  central  slal\0T\s  smd  \so\a.v*id  ^Unts^  but  is  no  U 
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lanufacturcd,  having  been  replaced  by   multipolar  machines  for 
lircct  coupling  with  engines.    It  is  simple,  substantial,  and  sym- 
letrical  in  appearance;  but  considerable  material  is  saved  by  adopt- 
ing more  modem  designs. 

■  The  Crocker-Wheeler  Bipolar  DynamOf  as  shown  in  Fig.  140, 
consists  of  a  horseshoe  (overtype)  fieid-magnct  and  a  slotted  ring 
armature.  The  field-magnets  are  either  drop-forgings  of  wrought 
iron,  or  steel  castings  set  into  a  cast-iron  base.  This  type  in  the 
smaller  sizes  from  J  to  5  kilowatts  has  been  made  in  large  numln-rs, 
but  is  being  supersedwl  in  many  cases  by  the  inclosed  bipolar  form 
(Fig.  121).     Larger  machines  are  mullipolar. 


-^»-^ 


X4* 


ft9.   t4t.    Multipolar  atlt-Drl0rn  Gtmratur. 


Multipolar,  Direct-Current,  Closed-Coil  Dynamos.— The  generat^ 
iorm  of  multipolar  dynamo  shown  in  Fig.  141  V\as  Xiiiew  ■aOvvi\A 
most  univL-rsall}',  being  manufactured  by  the  GcucxaX  V.\«.wc^ 
&unghousc,  Cnxi-cr-H'heeler,  Bullock,  and  othct  comvawcs.  ^»■ 
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the  United  States,  as  well  as  by  the  Allgcmcinc  Elektricitais  Gc^ 
schaft  of  Berlin,  ihc  Ocrlikon  works,  Brown,  Bovcri  &  Company 
of  Switzerland,  and  by  other  manufacturers  in  Europe, 

The  jicld-magnet  ring  is  almost  always  circulaj.  The  advan- 
tages of  this  form  of  magnet  are  great  mechanical  strength,  easy 
construction,  compactness,  symmclr)',  effeclive  position  of  coils, 
short  magnetic  circuits,  small  magnetic  leakage,  owing  to  pole^ 
pieces  having  minimum  surface,  and  u])iH:r  half  of  magnet  is  easily 
removed  to  give  access  to  the  armatua-.  Machines  of  any  size  and^ 
number  of  pole^  have  the  same  general  design,  not  only  for  direct 
but  also  for  alternating,  currents;  and  either  the  drum  or  the  rin| 
form  of  armiiluri:  may  lie  aJopleJ,  usually  the  former. 

Multipolar  Geaerators  for  Direct  Comiection  with  Engines.— j 
The  form  shown  in  Fig.  142  has  substantially  the  same  form 
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fi^.  742.    Olr*et-Oainmtwa  Multlpalar  etnwnMr. 


field-magnet  as  the  ordinary  belt-connected  multipolar  machine 
represented  in  Fig.  141.  The  chief  modification  consists  in  the 
larger  diameter  of  armature,  which  is  ncressilaled  by  the  smaller 
number  of  revolutions  per  m\iv\i\c,\\vc  \M;ri^hcral  speed  being  thus 


kept  about  the  same.  This  and  similar  forms  of  direct-connected 
generators  are  buili  by  the  General  Electric,  Westinghouse,  Crocker- 

^-  Wheeler,  and  other  companies. 

^  The  various  manufacturers  of  high-speed  steam-engines,  as 
already  stated  in  Chapters  IX  and  XV,  make  certain  standard  sizes 
with  an  extended  base  and  shaft  upon  which  a  genentor  of  corre- 
sponding capacity  is  mounted,  the  latter  being  also  specially  designed 

^t  for  the  purpose.  This  allows  a  combination  to  be  made  of  any 
type  of  engine  with  any  style  of  dynamo,  according  to  preference. 

^  The  projecting  portion  of  the  iron  base  which  carries  the  generator 

B  ^  cast  as  an  integral  part  of  the  sub-base  of  the  engine.  The  engine 
and  dynamo  also  have  a  common  shaft;    hence  the   construction 

•  is  thoroughly  substantial. 
The  standard  sizes  of  these  combinations  are  25,  35,  50,  75,  100, 
150,  and  200  kilowatts,  as  stated  on  p.  178,  but  sizes  up  to  5,000 
kilowatts  are  built  for  large  central  stations,  such  as  that  of  the 

I  New  York  Edison  Company  represented  in  Fig.  3. 
The  Siemens-Halske  Intemal-Pole  Dynamo. — ^This  type  is 
interesting  on  account  of  its  peculiar  form  and  because  it  was  for- 
merly made  in  considerable  numbers 
I  both  in  Europe  and  America,  being 
represented  in  Ftg.  143.  The  cores  of 
the  field-magnet  are  iron  forgings, 
which  radiate  outward  from  a  central 
block  of  iron,  bolted  to  the  frame  of 
the  machine.  The  figure  shows  four 
poles,  but  lai^er  machines  have  as 
many  as  ten  poles.  The  armature, 
which  is  ring-wound,  and  bohed  to  the 
arms  of  a  spider  mounted  upon  the 
shaft,  revolves  entirely  outside  of  the 
magnet.  The  winding  is  composed  of  fij.  t43. 
copper  bars,  the  interior  ones  being  the 
inductors,  and  those  outside  forming  the  commutator  against  whirh 
the  brushes  press.  The  generators  of  this  type  used  in  the  Berlin 
central  stations  have  armatures  over  10  feet  in  diameter. 
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These  machines  were  fonncrly  £i.doptcd  ahnost  universally  for 
arc  Ughling;  but  arcs  lamps  are  now  operated  by  constant -poten- 
tial, direct}  as  well  as  by  alternating,  currents,  as  described  in 
Volume  II.  Nevertheless  this  type  is  employed  on  many  circuits 
which  supply  arc  lamps  only,  the  taller  being  arranged  in  simple 
series.  Since  these  generators  must  produce  a  constant  current 
(usually  ten  amperes  for  open  arcs  and  alxiut  seven  am|)eres  for 
inclosed  arcs)  even  when  the  number  of  lamps  on  the  circuit  is 
changed,  they  are  provided  with  automatic  regulators  to  keep  th« 
current  at  tlie  proper  value.  These  consist  in  almost  all  cases  ol 
electromagnetic  devices  which  citlier  shift  the  commutator  brushes 
or  vary  the  ficld-raagneliiation  in  order  to  control  the  E.M.b\ 
generated,  and  thus  maintain  a  constant  current. 

In  practice,  these  machines  arc  purjjosely  designed  lo  have  con- 
siderable armature  reaction,  magnetic  leakage,  self-iniluclion,  andj 
resistance,  which  tend  to  prevent  the  current  from  becoming  cxc 
sivc  when  the  resistance  of  the  circuit  is  reduced  \sy  cutting  ou 
lamps  in  series.  This  helps  the  regulator  to  control  the  current,: 
and  gives  it  time  lo  operate  in  case  the  current  suddenly  increases, 
as  it  often  does.  In  fact,  an  arc  dynamo  must  be  capable  of  being 
completely  short-circuited  without  injurv*  and  without  any  con- 
siderable rise  in  current.  Its  desigii  and  action  arc  diametrically 
opposite  lo  those  of  a  constant  potential  machine. 

The  regulator  acts  to  make  the  current  still  more  uniform;  but 
theeffect  of  armature  reaction,  etc.,  is  immediate  and  reliable,  prevent- 
ing great  overheating,  even  if  the  regulator  fails  to  operate.  The 
action  when  the  current  diminishes  is  to  decrease  the  counter 
M.M.F.,  and  raise  the  E.M.F.,  which  tends  to  keep  up  the  current. 
But,  unfortunately,  the  field- magnetism  docs  not  discharge  as  ra]»idly 
as  the  counter  M.M.F.  of  the  armature  falls;  consequently,  if  the 
circuit  is  suddenly  opened,  the  E.MJ'.  momentarily  rises  far  abo\'efl 
its  normal  value,  caitsing  danger  to  persons,  and  straining  the  insub- 
lion.  This  trouble  is  mitigated  by  having  the  armature  coa-  highly 
saturated,  so  that  the  flux  cannot  be  increased  very  much  above 
its  ordinar)'  density  ^k 

Each  particular  type  of  arc  dynamo  is  peculiar,  and  requia-s 
&  special  fiesrriplion,  which  wou\A  occwy^-  a,  cV\a,^t,er  or  more  to  be 
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complete.  Hence  the  reader  is  referred  to  Thompson's  Dynamo- 
Eieclric  Machinery,  or  other  work  on  the  dynamo,  where  these 
machines  are  fully  described,  only  their  principal  features  being 
given  here. 

The  Brash  Dynamo  was  the  first  machine  to  be  generally  em- 
ployed for  electric  lighting.  The  armature  is  of  the  ring  form,  and 
consists  of  a  number  of  separate  bobbins  wound  upon  an  iron  core 
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nt.144.    8ru9k  Hm  a^nwrator.  FIff.  143.    Rtgii/ator  of  Snuli  Are  llaetlM 

which  has  projections  on  each  side.  This  armature  revolves  between 
the  poles  of  two  field-magncts.  Usually  these  arc  simple  horseshoe 
magnets  with  two  poles,  but  in  ihc  larger  machines  for  100  lights  or 
more  there  arc  four  puk-s  on  each  side  (Fig.  144). 

Each  pair  of  diametrically  opposite  araiature  coils  arc  connected 
in  series,  and  to  an  independent  pair  of  commutator  sections.  IJy 
means  of  the  brushes,  of  which  there  are  ordinarily  four  or  six,  the 
bobbins  are  connected  together,  the  number  of  them  in  series  being 
equal  to  Ihc  number  of  brushes.  For  example,  in  an  armature 
with  12  coils  and  5  brushes,  there  are  3  pairs  of  bobbins  in  series. 
Furthermore,  since  the  commutator  sections  of  coils  at  right  angles 
overlap  each  other  about  45**,  the  bobbins  arc  in  parallel  twice  dur- 
ing each  rcvohition,  and  arc  out  of  circuit  the  rest  of  the  time- 

The  Brush  regulator  autumatically  varies  \1nc  Tes\SVa.Tvct m\i-4.T!Stf^. 
the  field  winding,  and  also  shifts  ihc  bnisdca  so  as  Vo  TtvaCvoN.'a^ 
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ilicm  In  a  position  of  minimum  sparking.  These  two  operations  are 
performed  by  the  device  shown  in  Fig.  145,  which  is  directly  con- 
nected to  the  frame  of  the  generator.  This  mechanism  consists  of 
a  rotary  oil-pimip  P,  driven  from  the  shaft,  a  balanced  cylinder- 
valve  K,  and  a  rotary  piston  i?,  in  a  short  cylinder,  which  is  directly 
ronnrcled  to  the  rheostat  arm  T.  The  balanced  valve  is  con- 
trolled by  a  lever  t,  which  forms  the  armature  of  an  electromagnet 
if,  energized  by  the  full  line  current.  When  operating  under  nor- 
mal conditions  the  valve  is  so  placed  that  the  oil  flows  around  the 
rotary  piston  without  effect.  If  the  current  should  rise  above  the 
normal  value,  the  lever  is  attracted  and  lift:  the  valve,  thus  causing 
the  oil  to  act  upon  the  rotan-  piston  in  one  direction  and  move  the 
rheostat  ann  so  as  to  deercasc  the  resistance  by  which  the  field- 
coils  are  shunted,  which  reduces  the  voltage  and  the  current.  At 
the  same  time  a  pinion  on  the  shaft  of  the  rheostat  arm  engages, 
with  a  rack  on  the  rocker-arm,  and  .shifts  the  brushes.  WTicn  the 
current  reaches  its  proper  value  the  valve  is  drawn  back  by  a  spring, 
and  the  oil  again  flows  in  and  out  of  the  cylinder  without  efTect. 
Should  the  current  decrease,  the  spring  draws  the  valve  down  and 
admits  ihc  oil  on  the  opposite  side  of  the  rotary  piston  and  mo\'Cs 
the  rheostat  arm  so  as  lo   increase  the  shunted   resistance,  thus 

increasing  the  field-current  and 
voltage.  This  regulator  in  con- 
junction with  the  armature  re- 
action will  bring  the  current  back 
to  its  normal  value  within  four 
seconds  after  a  dead  short  circuit. 
The  Thomson-Houston  Arc 
Dynamo  is  another  very  promi- 
nent type,  having  a  spherical 
armature,  and  the  peculiar  form 
of  ficld-magnet  shown  in  Fig. 
116.  The  commutator  has  only 
three  sections,  so  thai  ihc  full  voltage  exists  between  adjacent  sections, 
which  limits  the  allowable  potential  to  about  2,500  volts,  suf&cienl 
for  50  open  arcs  or  30  inclosed  arcs  in  series.  This  requires  too 
many  machines  and  circuits,  especially  for  large  systems,  the  mod- 
e/7) practice  being  to  put  100  to  200  lamps  on  a  circuit,  so  that 


I 
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the  manufacture  of  this  type  has  been  discontinued.    There  arc, 
however,  many  of  these  machines  in  operation. 

The  Wood  Arc  Dynamo,  shown  in  Fig.  147,  «diffcrs  essentially 
from  the  Brush  and  Thomson- Houston  types  in  the  faet  that  it 
has  a  closed-coil  armature,  and  the  commutator  is  made  with  a 
great  many  sections — usually  100  or  more.  The  armature  is  a 
true  Gramme  ring,  the  core  being  formerly  composed  of  annealed 
iron  wire,  but  it  is  now  built  up  of  laminated  punchings  of  mild 
sheet  steel.  The  field-magnct  is  also  one  of  the  characteristic  forms 
employcii  by  Gramme.  In  fact,  this  machine  b  directly  based  upon 
the  original  designs  and  patents  of  that  inventor;  but  the  regulator, 


r/y,  1*7,    Wo«il  Are-Uy/ttlng  OyttOMO. 


which  is  vciy  ingenious  and  eilective,  is  due  to  Wood.  This  con- 
sists of  an  electroma^et  controlling  a  mechanism  that  shifts  the 
brushes  on  the  commutator  as  lamps  arc  cut  out  of  circuit,  until 
fmally.  when  the  machine  is  short-circuited,  the  brushes  are  almost 
Ot)**  from  their  normal  position^  and  the  E.M.F.  becomes  ver)* 
small.  The  violent  sparking  which  ordinarily  occurs  when  the 
bmshcs  are  displaced  from  the  neutral  points  is  avoided  in  this 
dynamo  by  practically  balancing  the  M.M.F.  of  the  field  by  that 
of  the  armature,  so  that  wherever  the  brushes  may  be,  practically 
no  E.M.F.  is  generated  in  the  coils  which  arc  short -circuited  by 
thera.  This  is  shown  very  clearly  in  the  diagrams  given  by  Pro- 
fessor R.  B.  Owens  in  a  paper  on  a  "Test  of  a  Closed-coil  Arc 
Dynamo,"  ♦  which  contains  the  results  of  very  cSLreVxiV  VesXa  »iTx.  >!c^r. 

•7>ujw.  Amer.  Inxi.  Elec  Eng  .  May,  \8*V. 
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action  and  r^ilation  of  a  25-light  Wood  arc  dynamo.  These 
machines  are  made  in  various  sizes  up  to,  and  including,  200-light 
capacity, 

Al.TEJtNATlNO-OirBB,ENT  QENERATOBS. 

The  armature  windings  employed  in  alternators  have  already 
been  described  in  Chapter  X^^I;  and  in  general  they  arc  simpler 
llian  those  required  for  direct  currents,  since  they  consist  merely 
of  a  scries  of  coils  corresponding  in  number  to  the  pole-pieces.  The 
field-magnets  arc  usually  quite  similar  to  each  other  in  form,  as  ihcy 
arc  almost  necessarily  multipolar  in  order  lo  obtain  the  necessary 
fnsjuency,  wluch  varies  from  25  to  1.S3  [)cri(Kls  per  second* 

W'lien  alternators  arc  to  be  employed  for  lighting  circuits  only, 
single-phase  machines  arc  preferable,  since  ihey  are  simpler  and  do 
not  give  rise  to  the  unbalancing  of  voltages  often  met  with  in  poly- 
phase* work.  In  modern  plants,  however,  motors  as  well  as  lights 
arc  supplied  with  energ)*,  and  as  the  single-phase  motor  is  not  the 
equal  of  the  polyphase  motor  for  general  work,  it  is  usually  better  to 
install  jMilyphase  systems. 

.So  far  as  general  construction  and  appearances  arc  conocmedt 
single-phase  and  |x>lyphase  alternators  arc  practically  identical. 
AI>out  the  only  important  difference  is  in  the  arrangement  and  con- 
nections of  the  armaturi;  winding  and  in  the  number  of  collector 
rings. 

Three  general  tyi»es  of  alternators  arc  in  common  use: 

(a)  Machint's  with  m^olving  armatures  and  stationary  jieids. 

{J})  Machines  with  statiofiary  armatures  and  nvoix'tng  fields. 

In  the  latter  the  armature  winding  is  arranged  in  slots  around 
the  inner  pcriphen'  of  the  armature  structure.  The  revolving  fielcl 
is  usually  provided  with  racliully  projecting  p<)les  and  revolves  wiihin 
the  stationar)'  armature.  This  ly|K:  has  come  into  extensive  use 
e.'^|}cciaUy  for  alternators  of  large  size  and  high  voltage,  because  the 
inductors  can  be  belter  insul  tel  in  a  sta'.ionjry  armature,  and  it 
is  more  convcnicni  to  introduce  tlie  ficld-crrcnt  through  slip-rings 
than  (o  handle  the  hea\7  armilurc  current. 

(f)  Inductor  alternators.    In  these  machines  neither  the  arma- 
ture nor  field  windings  revolve.     A  mass  of  iron  with  pt>kr  pro- 
of   traDsmission  and  distiitnBioo 


•Allcmatii^-cumrnt    principles  and  methods 
givca  in  Volume  II. 
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lections  is  revolved  and  causes  the  magnetic  flux  passing  through 
the  armature  conductors  to  var^'  and  thus  sets  up  an  alternating 

Bislcctromotive  force. 
Revolving  Armature  Alternators  are  almost  universally  made  in 
accordance  with  (he  general  design  shown  in  Fig.  148  in  this 
countrj',  and  also  to  a  great  extent  abroad.  The  field-magnet  re- 
sembles the  form  widely  adopted  for  multipolar,  direct -current  ma- 
chines; almost  the  only  difference  being  the  fact  that  in  the  latter 
the  space  between  adjacent  pole-pieces  is  only  one-third  to  one-half 
^krf  the  arc  covered  by  each  pole-piece,  whereas  in  alternators  the 
siiaces  and  pole-pieces  arc  usually  about  equal  in  extent.  .Allcrnalors 
i^imilar  to  the  form  shown  are  maniifaclured  by  the  General  Electric 


np.   \*8.    Stoarvlnff  Armaturt  Arumatvr. 

and  Westinghouse  companies,  but  the  tendency  is  to  adopt  the  re- 

voK-ing  field  machines  in  preference,  for  the  reasons  stated.    The 

field  magnetizing  current  is  usually  obtained  from  a  small  auxiliary 

irccKurrcnt  dynamo  called  an  "exciter." 

These  machines  are  also  often  made  with  composite  field-winding, 

which  is  analogous  to  compound  winding  for  direct-current  dynamos, 

and  consists  in  providing  the  field-magnets  with  a  few  turns  of 

coarac  wire  in  addition  to  the  fine  wire  winding  fed  by  the  exciter. 

^Vhc  main  current  generated  by  the  machine  is  passed  vVtoi^i^  >2Etts. 


iT- 


f!f.  140.    Htooluln^-fittii  AlUruator. 

the  same  effect  by  means  of  a  transformer  in  which  ihc  main  cur- 
rent acts  inductively  u|K)n  a  seconder)'  circuit,  and  produces  a  cur- 
rent proportional  In  itself,  which  is  rerlified  and  used  in  a  similar 
way.     These  conslruclions  are  shown  and  descril»ed  in  Vol.  H. 

Revolving-Field   Alternators. — A  General  Electric  alternator  ^H 
the  revolving  field  type  Is  illustrated  in  Fig.  140,  and  has  the  con- 
siruction  shown  in  Fig.  150.    The  collector- rings  mounted  on  ihc^ 
shaft  arc  for  supplying  the  field  with  the  exciting  current.     In  thii| 
type  of  machine  the  stationary  armature  struaure  is  arranged  so 
thai  it  can  be  slid  to  one  side  on  the  bed  plate,  thus  allowing  free 
access  !o  both  the  armature  and  ficld-cuils.    Alternators  similar  lo 

lis  are  also  manuiaclurcd  b*^'  \\\c  Westinghousc  and  other  com- 

injes  in  the  Utuied  StaVcs  and  Umto^. 
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The  Mordcy  alternator  is  a  well-known  type  of  revolving  field 
tcraator  employed  in  England.    The  armature  consists  of  a  number 


fif.  7S0.    Coiutnietlvi  of  ru-o-^naj*  fitii9iiiln9-n*H  AlUrmator. 


of  flat  coiLs  that  do  not  contain  any  in>n  core.  The  field  mounted 
on  the  shaft  has  only  a  single  cuil,  lo  which  the  magnetizing  current 
is  conveyed  by  contact-rings  on  the  shaft.  There  arc  a  numbt-r  of 
projections  from  one  end  of  the  field-m;tgnet  which  are  all  of  north 
polarity,  and  an  equal  number  of  south  polarity  on  the  olhcr  end. 
The  armature  stands  in  the  space  between  these  poles;  so  that  when 
they  revolve  each  armature  coil  is  subjected  to  a  rising  and  a  falling 
magnetic  flux,  that  does  not,  however,  reverse,  since  the  north  poles 
arc  always  on  one  side  of  the  armature,  and  the  south  poles  on  the 
other.  Nevertheless  this  generates  an  aUemaling  current,  since  in- 
creasing and  decreasing  the  flu.x  through  a  coil  produces  E.M.F.  in 
opposite  directions. 
I  Inductor  Alternators. — ^Thc   Stanley   alternator   is  one   of   the 

^■nost  prominent  of  the  inductor  type,  its  general  appearance  being 
^^Hiown    in   Fig.    151.     The   machine  is  double,    having    the   two 
^B|lu.tionary  armatures,  A  and  .1*,  Fig.  152.    The  two  armatures  arc 
^Ptonnected  by  the  iron  cress-bars  b,  which  carry  the  magnclic  flux, 
and  the  armature  coils  are  arranged  around  the  inner  periphery  of 
^■ihc  laminated  armature  cores  in  practically  the  same  manner  as  in 
^Rlhe  revolving- field  machine.    The  revolving  inductor  has  a  set  of 
Liminaled  polar  projections,  p,  at  each  end,  all  of  one  set  being  of 
one  pfihirity,  and  lho.se  of  the  other  set  of  the  opix)site  polarity. 
The  magnetic  Dux  follows  the  path  shown  by  the  doUed  Vvcve,  ;vtv^ 
as  the  inductor  revolves,  the  Qux  passing  througji  tiic  a.rcGaX>Wft  c»A& 


i. 
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flf.  1S2.    CciMraetliui  9f  Stanltg  tiHucUr  AtttriMttr. 

displaced  so  thai  the  flux  passing  through  Ihcm  is  at  zero,  while  it  is 
at  a  maximum  through  the  other  set  of  coils. 
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CHAPTER     XIX. 


THB   PHAOnCAI.  MANAGEMENT  or  DTNAMO-ELEOTRIO 
MACBINEH7. 


The  actual  handling  of  the  generators  in  a  central  station  or 
isolated  plant  is  an  especially  important  matter  in  electric  lighting. 
A  work  by  Dr.  S.  S.  Wheeler  and  the  author  ^  is  devoted  to  the 
selecting,  installing,  operating,  and  testing  of  generators  and  motors, 
special  attention  being  given  to  the  serious  problem  of  locating 
and  remedying  troubles  in  these  machines.  The  reader  is  referred 
^to  that  book  for  a  complete  treatment  of  these  subjects,  as  limita- 
tions  of  space  allow  only  the  principal  points  to  be  given  in  the 
present  chapter. 

The  Selection  of  a  Generator. — One  of  the  first  questions  that 
[ihe  electrical  engineer  is  called  upon   to  decide  is  the  selection  of  a 
machine  for   a  certain   plant.    It    depends    largely  upon    circum- 
stances in  each  particular  instance,  but  there  are  certain  general 
srinciples  which  apply  to  almost  all  cases. 

Constrtiction. — This  should  be  of    the   most   solid    character, 
'and  first'Class  in  every  respect,  including  materials  and  workman- 
ship. 

tFimsh.  —  A  good  finish  is  desirable,  —  first,  because  it  indicates 
Dod  construction  ;  second,  it  stimulates  the  interest  and  pride 
f  the  attendant ;  and   third,  it  shows  the  least  dirt  or  neglect. 
Simplicity.  —  The  machine  and  all  its  parts  should  be  as  simple 
as  possible,  and  any  peculiar  or  complicated  feature  should  be 
avoided      These  arc  sometimes  successful,  but  should   be  well 
tried  and  proved  before  being  accepted. 
^B      Attention.  —  The  amount  of  attention  required  by  the  machine 
^Bkhould  be  small.     The  screws,  connections,  and  other  small  parts 
^■should  be  arranged  so  that  they  arc  not  likely  to  become  loose, 
^BbukI  the  delicate  parts  should  not  be  exposed  or  liable  to  injury. 

P..  ' 


I 

SI. 


b 


>  Th4  'PraOUai  Managtment  ef  Dynamot  and  Motort^  by  F,  B.  OtOcLet  and  S.  & 
Vfbeeier,  D,  Van  Ndttnuul  Co.,  Hew  Vurk. 


351 


SLECTRIC  UGIITING. 


Haudlmg.  —  The  machine  should  be  provided  with  an  eyel 
or  other  means  by  which  it  can  be  easily  lifted  or  moved,  withoi 
injur>'.     It  ought  to  be  possible  to  take  out  the  armature  coi 
veniently  by  removing  one  of  the  bearings  or  the  top  of  the  fieh 
magnet. 

IntcrchangeabiHty.  —  Machines    should    be  made   with    inter-^ 
changeable  parts,  so  that  a  new  piece  which  will  fit  perfectly  can 
be  readily  obtained  ;  for  this  reason  regular  and  established  types 
are  preferable  to  special  or  unsettled  forms. 

Regulation.  —  Some  form  of  regulator  should  be  provided  by 
which  the  E.M.F.,  or  current,  can  be  reliably  and  accurately 
governed. 

Capacity.  —  This  should  be  ample  in  all  cases.  It  is  a  very 
common  mistake  to  underestimate  the  work  required  of  a  given 
machine  ;  an<l,  even  if  it  has  sufficient  power  at  first,  the  demandsM 
upon  it  are  apt  to  increase,  and  finally  overload  it.  No  one  i^H 
ever  likely  to  regret  choosing  a  dynamo  having  a  reasonable 
margin  of  capacity,  since  these  machines  only  consume  power 
in  proportion  to  the  work  they  are  doing.  For  example,  a  25 
kilowatt  generator  would  probably  run  with  a  20  kilowatt  load 
more  economically  and  satisfactorily  than  a  20  kilowatt  machine 
with  the  same  load. 

FonN.  —  The  dynamo  should  be  symmetrical,  well-propor- 
tioned, compact  and  solid  in  form.  If  it  is  either  very  tall  or  very 
fiat,  it  is  usually  inconvenient  and  clumsy.  No  part  should  project 
excessively,  or  be  awkwardly  formed  or  arranged.  The  large  and 
heavy  portions  should  be  placed  as  low  as  possible,  to  give  great 
stability.  For  the  same  reason  the  shaft  should  not  be  higl 
above  the  base,  nor  should  it  be  so  low  that  there  is  not  ample 
room  for  the  pully  or  other  attachment.  A  horizontal  belt,  fofj 
example,  will  sag  and  strike  the  floor  if  the  pulley  is  very  low,      \ 

Weight,  —  The  common  idea  that  it  is  desirable  to  have  a  very 
light  dynamo  is  a  mistake  when  it  is  for  stationary  use.  There 
is  no  advantage  in  a  light  machine  except  portability ;  and  it  has 
the  disadvantages  of  being  less  strong,  less  durable,  and  less 
steady  in  running.  A  sufficient  weight  to  make  it  thoroughly 
substantial  is  obnously  a  great  benefit. 

Cost.  —  It  is  also  a  mistake  to  select  a  cheap  machine,  since 
both  the  materials  and  vjotVLmMishiL^  required  in  a  high-quality 
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^Tfynamo  or  motor  cost  more  than  in  almost  any  other  machine 
of  the  same  size  and  weight.  It  is  an  undeniable  fact  that  there 
has  been  considerable  trouble  with    electrical   machinery  owing 

r  inferior  construction. 
In  addition  to  these  general  considerations,  the  arrnature,  field- 
magnets,  and  other  parts  of  a  dynamo,  should  be  made  in  accord- 
ance with  the  facts  given  in  Chapter  XVII. 

These  suggestions  as  to  selecting  a  dynamo  or  motor  may  be 
^followed  when  it  is  possible  to  make  merely  a  general  examination 
^fef  the  machine,  or  even  in  cases  where  it  is  only  practicable  to 
'      obtain  a  drawing  or  description  of  it.     But  to  make  a  compkte 

fvestigation,  it  is  necessary  to  carry  out  a'  thorough  test,  and 
easure  exactly  its  various  constants. 
A  satisfactory  test   cannot    usually  be  made,   however,  until 
alter  the  machine  is  set  up  in  place;  and,  moreover,  it  is  not 
^^enerally  necessary  if  it  is  obtained  from  a  reputable  source. 
^H     The  Number  and  Size  of  Units. — The  question  of  selecting 
the  best  size  and  number  of  dynamos  in  an  electrical   plant  is 
not  nearly  so  serious  as  the  corresponding  problem  in  connection 
with  steam-engines  ;  because,  as  already  stated,  the  efficiency  of 
dynamo  is  higher,  and  is  not  reduced  to  anything  like  the 
extent  at  light  loads.     A  dynamo  is  usually  not  very  much  less 
efficient  at  one-quarter  load  than  at  full  load,  while  a  steam-engine 
is  only  about  one-third  as  efficient.*     There  is  rarely  any  neces- 
^bty,  therefore,  for  running  a  dynamo  at  a  low  efficiency ;  since  it 
^^TOuld  not  require  much   engineering  skill   to  design  a  plant  in 
^which  no  dynamo  was  obliged  to  operate  at  less  than  one-quarter 
^■bad.     It  is  also  a  fact  that  small  dynamos  of  only  50  kilowatts 
^capacity  can  be  made  to  give  an  efficiency  of  90  per  cent,  and 
arc  nearly  as  good  in  this  respect  as  larger  machines;  so  that  the 
electrical  generating  plant  can  be  subdivided,  if  desired,  without 
detriment,  except  the  multiplicity  of  units.     It  is,  therefore,  very 
evident  that  the  size  and  number  of  dynamos  should  be  suited  to 
the  requirements  of  the  engines,  since  the  difficulty  lies  with  the 
latter. 

A  point  which  is  often  misunderstood  is  the  fact  that  the 

cicncy  of   a  dynamo  at  full  load  is  not  so  important  as  at 

era^e  load.     Assiunc,  for  example,  a  dynamo  having  an  cffi- 

•  Sec  page  IM. 
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cicncy  shown  by  the  curve  OBA   in  Fig.  153,  and  another  machinej 
whose  efficiency  is  represented  by  the  curve  OCD.     It  would 
in  accordance  with  common  practice  to  compare  these  two  dyns 
mns  at  full  load,  at  which  the  efficiency  of  the  first  is  only 
per  cent,  while  the  other  gives  90  jier  cent.     But,  as  a  mat 
of  fact,  the  first  machine  {OBA)  is  far  better  than  the  second ; 
since  its  average  efficiency  is  much  higher,  and  is  nearly  90  per 
;^*ent  between  one-half  and  three-quarters  of  its  full  power,  which^ 
would   be    the    range  of   its    ordinary   working-load.       It    shouldW 
always  be  remembered  that  full  load  is  a  limit  which  should  be 


Pit-  tSS.    tfficftirtti  of  D§iumte9^ 

but  occasionally  reached,  and  then  only  for  short  periods  of  time. 
Cases  might  arise  in.  which  dynamos  would  be  run  steadily  at  fuU^H 
load,  but  they  would  be  rare.  ^B 

Setting  up  a  Dynamo.  —  The  location  and  foundations  for 
dynamos  have  already  been  discussed  in  Chapter  VI.,  and  it  will 
be  assumed  that  they  are  ready  when  the  machine  arrives. 

In  unpacking  and  putting  the  machines  together,  the  greatest 
possible  care  should  be  used  in  avoiditig  the  least  injury  to  a/rjf 
part,  in  scrupulously  cleaning  each  part,  and  in  putting  the  parts 
together  in  exactly  the  right  way.  This  care  is  particularly  impor- 
tant with  regard  to  the  shaft,  bearings,  magnetic  joints,  and  clec- 
tricaJ  connections,  from  which  every  particle  of  grit,  dust,  chips 
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^pf  metal,  etc,  should  be  removed.  It  is  very  desirable  to  have 
machinery  assembled  by  a  person  thoroughly  familiar  with  its 
construction ;  and  in  the  absence  of  such  a  person  no  one  should 
attempt  it  without  at  least  a  drawing  or  photograph  of  the  ap- 
paratus as  a  guide.  An  exception  may  be  made  to  this  rule  if 
the  machine'is  very  simple,  and  the  way  to  put  it  together  is  per- 
fectly obvious  ;  but  in  no  event  should  the  installation  or  manage- 
ment of  machinery  be  left  to  guess-work.  The  armature  must  be 
handled  with  the  greatest  possible  care,  in  order  to  avoid  injury 
to  the  wires  and  their  insulation,  as  well  as  to  the  commutator 
and  shaft.  It  should  be  supported  by  the  shaft,  to  avoid  any 
strain  on  the  armature-body  or  commutator.  If  it  is  necessary 
to  lay  the  armature  on  the  ground,  interpose  a  pad  of  cloth  ; 
but  it  is  much  better  to  rest  the  shaft  on  two  wooden  horses  or 
other  supports.  The  proper  speed  for  a  dynamo  should  always 
be  obtained  from  its  manufacturers,  and  this  si>eed  should  not  be 
departc<l  from  without  their  approval.  Belting,  direct  coupling, 
and  other  means  of  connecting  dynamos  with  engines,  have 
already  been  treated  in  Chapters  XV.  and  XVf. 

Th(  direction  of  rotation  of  the  various  machines  is  sometimes 

ka  matter  of  doubt  or  trnublc.  Almost  any  dynamo  is  intended  to 
be  run  in  a  certain  direction  ;  that  is,  it  is  called  right-handed  or 
peft-handcd  according  to  wht;ther  the  armature  does  or  does  not 
revolve  like  the  hands  of  a  clock  when  looked  at  from  the  pulley 
end.  Dynamos  arc  usually  designed  to  be  right-handed,  but  the 
manufacturer  will  make  them  kft-handed  if  specially  ordered. 
.  This  may  be  required  because  the  pulley  to  which  the  machine 
is  to  be  connected  happens  to  revolve  left-handed  ;  or  it  may  be 
decessar)*  in  order  to  bring  the  loose  side  of  the  belt  on  top,  or 
to  permit  the  machine,  to  occupy  a  certain  position  where  space 
is  limited.  To  reverse  the  direction  of  rotation  of  an  ordinary 
shunt,  series,  or  com  pound- wound,  direct -current,  two-pole  dynamo, 
the  brushes  may  simply  be  reversed,  without  changing  any  con- 
nection. This  changes  the  point  of  contact  of  the  brush-tips 
180".  If  the  machine  is  multipolar,  a  similar  change  must  be 
made,  amounting  to  90°  in  a  four-pole,  45"  in  an  eight-pole, 
machine,  etc.  The  direction  of  the  current  and  the  polarity  of 
the  field-magnets  remain  the  same  as  before ;  all  that  is  changed 
the  direction  of  rotation  and  the  position  of  the  brushes.    TViv^ 
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applies  to  any  machine  except  arc  dynamos  and  one  or  two 
peculiar  machines,  which  require  to  be  run  in  a  certain  direction 
to  suit  the  regulating  apparatus.     A  separately  excited  alternating^ 
current  dynamo  can  be  reversed  in  direction  of  rotation  without 
changing  any  connection.      A   self -ex  citing  or  com  pound- wounc 
alternator  requires  the  brushes  thai  supply  the  direct  current 
the   field  to   be    reversed    upon   the   commutator,   and   their  li[ 
moved  through  an  angle,  as  above,  if  the  rotation  be  reversed. 

If  the  direction  of  the  current  generated  by  a  dynamo  is  oppo- 
site to  that  desired,  the  two  wires  leading  out  of  it  should  exchange 
places  in  the  terminals ;  or,  if  this  is  not  desired,  the  residual  mag- 
netism may  be  reversed  by  a  current  from  a  battery  or  other 
source. 

DIRECTIONS   FOR  3TARTINO  DYNAMOS. 

General.  —  TTie  machine  should  be  clean  throughout,  especially 
the  commutator,  brushes,  electrical  connections,  etc.  Any  metal- 
dust  must  be  carefully  removed,  as  it  is  very  likely  to  make  a 
ground  or  short  circuit. 

Examine  the  entire  machine  carefully,  and  see  that  there  arc 
no  screws  or  other  parts  that  are  loose  or  out  of  place.  Sec  that 
the  oil-cups  have  a  sufficient  .supply  of  <«!,  and  that  the  passag 
for  the  oil  are  clear,  and  the  feed  is  at  the  proper  rate.  In  th 
case  of  self-oiling  bearings,  the  rings  or  other  means  for  carnrnng 
the  oil  should  work  freely.  Sec  that  the  belt  is  in  place,  and  has 
the  proper  tension.  If  it  is  the  first  time  the  machine  is  started, 
it  should  be  turned  a  few  times  by  hand,  or  very  slowly,  in  order 
to  make  sure  that  the  shaft  revolves  easily,  and  the  belt  runs  '^^k 
the  centers  of  the  pulleys. 

The  brushes  arc  carefully  examined,  and  adjusted  to  make  good 
contact  with  the  commutator  and  at  the  proper  point,  the  switches 
connecting  the  machine  to  the  circuit  being  left  open.  The 
machine  should  then  be  started  with  care,  and  brought  up  to  full 
speed,  gradually  if  possible;  and  in  any  case  the  person  who  starts 
a  dynamo  should  be  ready  to  stop  it  instantly  if  the  least  thing 
seems  to  be  wrong,  and  shouM  then  be  sure  to  find  out  and  cor- 
rect the  trouble  before  starting  again.  {See  "Locating  and  Renv^ 
cdying  Troubles.")  ^ 

Starting  a  Dynamo.  —  A  dynamo  Is  usually  brought  up  to  speed 
either  by  starting  up  a  steam-engine,  or  by  connecting  the  dynamo 
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a  source  of  power  already  in  motion.  The  former  should,  of 
course,  only  be  attempted  by  a  person  competent  to  manage 
steam-engines,  and  familiar  with  the  particular  type  in  question. 
The  mere  mechanical  connecting  of  a  dynamo  to  a  source  of 
power  is  usually  not  very  difficult ;  nevertheless^  it  should  be  done 
carefully  and  intelligently,  even  if  it  only  requires  throwing  in  a 
friction-clutch  or  shifting  a  belt  from  a  loose  pulley.  To  put  a 
belt  on  a  pulley  in  motion  is  difficult  and  dangerous,  particularly 
if  the  belt  is  large  or  the  speed  is  high,  and  should  not  be  tried 
except  by  a  man  wlio  knows  just  how  to  do  it.  Even  if  a  stick 
is  used  for  this  purpose,  it  is  apt  to  be  caught  and  thrown  around 
by  the  machiner}-  unless  it  is  used  in  exactly  the  right  way. 

A  single  dynamo  working  alone  on  a  circuit  ^vithout  danger  of 
short-circuiting  another  dynamo  or  storage  battery  is  easily  started 
and  connected  to  the  circuit ;  but  it  usually  happens  in  electric 
lighting,  where  the  number  of  lamps  required  to  be  fed  varies  so 
greatly,  that  one  dynamo  may  be  sufficient  for  certain  hours,  but 
^jwo,  three,  or  more  machines  may  be  required  at  other  times. 
^fe  In  such  cases  several  dynamos  may  be  connected  together^ 
either  in  parallel  {multiple  arc)  or  in  series. 

Dynamos  in  Parallel.  —  In  this  case  the  -)-  terminals  are  con- 
nected together  or  to  the  same  line,  and  the  —  terminals  are  con- 
nected together  or  to  the  other  line.     The  currents  (i.e.,  amperes) 
of  the  machines  are  thereby  added,  but  the  E.M.f.  (volts)  is  not 
increased.     The  chief  condition   for  the  running  of  dynamos  in 
parallel  is  that  their  voltages  shall  be  equal,  but  their  current 
^Kapacities  may  be  different.     Parallel  working  is  therefore  suited 
^Hp  con  slant -potential  circuits.     A  dynamo  to  be  connected  in  par- 
^BUel  with  others,  or  with  a  storage  battery,  must  first  he  brought 
^■^  to  its  proper  speed,  E.M.F.,  and  other  working  conditions; 
^otherwise  it  might  short-circuit  the  system,  and  burn  out  its  arma- 
ture     In  fact,  a  dynamo  should  not  be  connected  to  a  circuit  in 
parallel  with  others  until  its  voltage  has  been  tested,  and  found 
to  Ije  equal  to,  or  slightly  (not  over  1  or  2  per  cent)  greater,  than 
that  of  the  circuit.     If  the  E.M.F.  of  the  dynamo  is  less  than  that 
of  the  circuit,  the  current  will   flow  back   into  the  dynamo,  and 
cause  it  to  be  run  as  a  motor.     The  direction  of  rotation  is  the 
same,  howe\'er,   in   a  shunt-wound   dynamo;   and   no  great  harm 
iults    from    a    slight    difference   of    potential.      li\   S.-icV^   suOty 
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machines  arc  self-adjusting,  since  if  one  tends  to  run  too  fast 
it  has  to  do  more  work,  and  vice  versa;  but  compound- wound 
machines  require  more  careful  handling. 

The  test  for  equal  voltages  may  be  made  by  first  measur- 
ing the  E.M.F.  of  the  circuit,  and  then  of  the  machine,  by  one 
voltmeter;  or  voltmeters  connected  to  each  may  be  compared. 
Another  method  is  to  connect  the  dynamo  to  the  circuit  through 
a  high  resistance  and  a  galvanometer;  and  when  the  latter  indi- 
cates no  current,  it  shows  that  the  voltage  of  the  dynamo  is  equal 
to  that  of  the  circuit.  A  rougher  and  .simpler  way  to  do  this  is  to 
raise  the  potential  of  the  dynamo  until  its  "  pilot-lamp,"  or  other 
lamp  fed  by  it,  ts  fully  as  bright  as  the  lamps  on  the  circuit,  and 
then  connect  the  dynamo  to  the  circuit.  Of  course  the  lamps 
compared  should  be  intended  for  the  same  voltage  and  in  normal 
condititm. 

When  the  dynamo  is  first  connected  in  this  way,  it  should  only 
supply  a  small  amount  of  current  to  the  circuit  (as  indicated  by  its 
ammeter),  and  its  voltage  should  then  be  gradually  raised  until  it 
generates  its  proper  share  of  the  total  current ;  otherwise  it  will 
cause  a  sudden  jump  in  the  brightness  of  the  lamps  on  the 
circuit. 

Series-wound  Dynamos  in  Parallel  not  Used,  —  If  the  machine 
is  series-wound,  the  back  current  just  described  would  cause 
a  reversal  of  field-magnetism  and  a  serious  short-circuit-  In 
fact,  series  dynamos  in  parallel  are  in  very  unstable  equilibrium ; 
because  if  either  tends  to  generate  too  little  current,  that  fact 
weakens  its  own  field,  which  is  in  series,  and  thus  still  farther 
reduces  its  current,  and  finally  reverses  the  machine.  One  way 
in  which  this  difficulty  might  be  overcome,  is  by  causing  each 
to  excite  the  other's  field-magnet,  so  that  if  one  generates  too 
much  current,  it  strengthens  the  field  of  the  other,  and  thus 
counteracts  its  own  excess  of  power. 

Another  plan  is  to  excite  both  field-magnets  by  one  of  the 
dynamos ;  but  the  best  method  is  to  connect  together  the  two 
brushes  which  convey  the  current  from  the  armatures  to  the  fields 
in  the  two  machines,  by  what  is  called  an  "equalizer"  <Kig.  154), 
or  "  Gramme  wire."  IJy  this  means  the  electrical  pressure  at 
the  terminals  of  the  two  armatures  is  made  the  same,  and  the 
currents  in  the  two  fields  arc  also  made  equal.     Scries  machines 
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are  not  often  run  in  parallel,  but  the  principles  just  explained  help 
the  understanding  of  the  next  case,  which  is  extremely  important. 
CofHpouttd  Dynamos  in  Parai/c/.*—^\x\ci:  ihc   field-magnets  of 
these  machines  are  wound  with  series  as  well  as  shunt  coils,  the 
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coupling  of  them  is  a  combination  of  the  cases  of  the  shunt  and 
the  series-wound  machines  just  described. 

Assume  that  one  machine  is  already  running,  that  switches  V, 
£',  and  F*  (Fig.  155)  arc  closed,  and  that  the  armature  of  No.  1  is 


No.  1 


No.  2 


Fig.  75S.    Campaufii-Wouftd  Oijnamo*  In  Paralttl. 

generating  its  full  current,  and  feeding  the  lamps  on  the  main  rir^ 
cuit ,  the  shunt  and  series  field-coils  of  the  machine  carrying  their 
proper  current.  Now,  to  throw  on  the  other  dynamo,  its  armature 
(No.  2)  is  brought  up  to  normal  sjjeed,  switches  E"  and  i*'"  asv 
cJosed,  which  excites  its  series-coil  with  part  of  the  main  currcnl 
from  No.  1.  It  is  then  necessary  to  compare  carefully  the  voltage 
of  generator  No.  2  with  (hat  of  the  circuit  by  means  of  the  same  or 

*  In  (liscuuion  of  various  mcttwNls  of  amitecting   gffneriturs  in  (wirallRl,  sec  C^nk^. 
IIL.  VoL  JL 
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sq^aratc   voltmeters,  regulating  it   with   the   rheostat  R"  until  the] 
former  Is  alwut  one  per  cent  higher. 

The  main  switch  ly*  \%  then  closed  and  the  machine  should 
generate  a  small  amount  of  aiirenl.  Finally  it  is  made  to  produce 
its  proper  share,  as  shown  by  i'.s  amTieler,  by  still  further  raising 
its  E.M.F.  (internal)  by  mean*  of  its  ficH  rheostat  R" .  With  com- 
pound dynamos  considerable  ca.re  is  required  to  avoid  a  back  cur-j 
rent  Ihrough  the  series  coil  tending  to  demagnetize  the  field, 
already  stated. 

In  disconnecting  a  machine,  the  same  steps  are  taken  in  exactly 
the   reverse  order.     Any  number   of  compound-wound   dynamos 
may  be  run  in  parallel  in  this  way  ;  and  even  those  of  different 
size  or  current  capacity  may  he  connected,  provided  their  voltages 
agree,  and  provided  also  that  the  resistances  of  their  series  field- 
coils  are  inversely  proportional  to  the  current   capacities  of  the 
several  machines.     Dynamos  which  are  compound-wound  to  main- 
tain a  constant  potential  at  their  terminals  work  well  after  their 
voltages  are  once  made  to  agree,  even  with  a  variable  load.      Hut 
machines  which   are   "  over-compounded  "  to  generate  a  higher 
potential  at  greater  loads  must  give  exactly  the  same  percentage 
of  increase  at  full  load,  and  must  agree  at  all  intermediate  points, 
otherwise  the  dynamo  which  tends  to  produce  a  higher  voltage 
will  generate  more  than  its  share  of  the  current.     This  may  be 
overcome  if  the  resistance  of  the  series-coil  of  the  machine  which 
tends  to  take  too  large  a  share  of  the  Ii>ad  is  slightly  increased, 
by  simply  interposing  a  few  extra  feet  of  conductor  of  the  same 
current  capacity  as  the  series-coil,  and  between  it  and  the  main 
conductor  or  'bus  bar.     The  shunt  which  is  almost  always  used 
adjust  the  effect  of  the  series-coils  in  compound  dynamos  (shoi 
at  Z  in  machine  No.  2,  Fig.  155)  ojierates  properly  in  the  case 
machines  working  singly,  but  is  worthless  for  machines  in  parallel, 
since  it  affects  all   the  dynamos  alike,  and  simply  reduces  their 
voltage  equally.      Hence  a  shunt  should  be  used  when  this  latter^ 
result  is  desired  ;  but  the  action  of  individual  generators  should  be^| 
adjusted  by  varying  the  resistance  of  the  series-coils  themselves, 
as  described  above. 

Another  difficulty  which  arises  with  ovcr<ompoundcd  dyna- 
mos in  parallel,  is  the  fact  that  when,  for  example,  one  machine, 
otit  of  four  is  working  alone  at  one^^uarter  of  the  total  load. 
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will  be  fully  loaded,  and  will  generate  the  maximum  voltage, 
while  the  loss  of  potential  on  the  conductors  is  only  one-quarter 
of  the  maximum.  The  pressure  at  the  lamps  will  therefore  be 
too  high  by  an  amount  equal  to  three-<juarters  of  the  full  drop. 
This  very  objectionable  excess  of  voltage  at  the  lamps  may  be 
avoided  by  merely  leaving  the  equalizer  {switch  K,  Fig.  155)  con- 
nected to  all  the  dynamos,  so  that  the  currents  in  the  series-cuils 
will  be  proportional  to  the  fx>tal  load,  and  not  to  the  load  on 
each  machine.  In  the  case  of  high-potential  dynamos,  it  would 
be  dangerous  to  have  them  connected  to  the  circuit  when  they 
were  stopped  for  cleaning  and  repairs,  consequently  a  resistance 
exactly  equivalent  to  the  series-coil  should  be  substituted  between 
the  equalizer  and  the  'bus  bar,  whenever  a  machine  is  disconnected 
from  the  circuit.  This  matter  has  been  quite  fully  discussed  by 
Professor  E.  1*.  Roberts  and  the  author  in  the  Electrical  World, 
OcL  13,  Dec.  1,  and  Dec.  8,  1834. 

Alternators  in  Parallel. — To  run  two  alternators  in  parallel, 
iveral  conditions  have  to  be  fulfilled:    The  incoming  machine — 

in  the  case  of  direct -current  generators — must  be  brought  up  to 
nearly  the  same  voltage  as  the  first  one;  it  must  operate  at  exactly 
the  same  frequency;  and,  at  the  moment  of  switching  in  parallel, 
it  must  be  in  phase  with  the  first  machine.  This  correspondence 
of  frequency  and  phase  is  called  synchronism. 

It  is  impossible  with  mechanical  speed-measuring  instruments  to 
determine  the  speed  as  accurately  iis  is  necessary  for  this  purpose. 
There  Ls,  however,  a  very  simple  means  of  electrically  determining 
small  differences  in  speed  or  frequency.  In  Fig.  156,  let  M  and  iV 
represent  two  single-phase  alternators,  which  can  be  connected  by 
means  of  the  singlc-[)ole  switch  AB.  Across  the  terminals  of  the 
gwitch  is  connected  an  incandescent  lamp  /-,  capable  of  standing 

I  twice  the  voltage  of  either  machine.  \\'hen  AB  is  open,  the  cir- 
cuit between  the  machines  is  completed  through  L.  The  two 
machines  may  be  connected  in  parallel  as  follows:  Assuming  ma- 
chine 3/  already  in  operation,  bring  up  machine  N  to  approxi- 
mately the  proper  speed,  and  watch  lamp  /,.  If  machine  N  is 
ninning  a  very  little  slower  or  faster  than  machine  j1/,  the  lamp  L 
will  glow  for  one  moment  and  be  dark  the  next.  At  the  instant 
when  the  voltages  are  equal  in  pressure  and  phase,  L  will  remain 
dark;  but  when  the  phases  are  displaced  by  half  a  period,  tW  \a.TO.-^ 
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Tvill  glow  at  its  maximum  brilliancj'.  Since  the  ^ckering  of  the' 
lamp  is  dependent  upon  the  difference  in  frequency,  the  machines^ 
so  long  as  this  flickering  exists,  should  not  be  thrown  in  parallel. 
The  prime  mover  of  the  incoming  machine  must  be  brought  to  the 
proper  speed;  and  the  nearer  machine  A'  approaches  synchronism, 
the  slower  the  flickering.  When  it  is  \*ery  slow,  wc  can  use  the 
moment  the  lamp  is  dark  to  throw  the  machines  in  parallel  by  clos-, 
ing  the  switch  across  AB.  The  machines  are  then  in  phase,  and 
lend  to  remain  so,  since  if  one  slows  down  the  otlicr  will  drive  it  a& 
a  motor.  It  is  better  to  close  the  switcli  when  the  machines  arc 
approaching  synchronism  than  when  they  are  receding  from  it,  tha 
i.>,  at  the  instant  the  lamp  becomes  dark. 
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This  method  of  synchronizing  is  open  to  the  following  objec- 
tions: ^ 

(a)  The  lamps  may  be  dark  mth  considerable   difference   iaH 
voltage.    For  instance,  a  110- volt  lamp  is  dark  with  a  pressure  of 
20  to  25  volts.  ^ 

(6)  The  lamp  may  be  dark  owing  to  a  broken  tilamenl.  ^^ 

It  may  thus  happen,  with  this  arrangement,  that  the  machines 
are  placed  in  parallel  while  there  is  a  considerable  difference  of  fl 
voltage   or  phase   existing,  and  an  exces^ve  rush  of  current  will 
result. 

A  method  not  open  to  the  above  objections  is  shown  in  Fig.  157. 
The  alternators  to  be  thrown  in  parallel  are  each  connected  U 
the  bus-bars  by  means  of  double-pole  switches.  Two  incandes- 
cent lamps,  of  the  machine  voltage,  arc  cross-connected  as  shown. 
If  the  machines  are  in  phase  and  the  voltages  generated  are  equal 
in  value,  the  difference  of  potential  between  A  and  a  given  point 
is  the  same  as  that  between  A'  and  the  same  point;  likewise  B  and 
J5'  have  the  same  relative  potential  values.  Hence  a  lamp  con- 
nected between  A  and  B'  would  bum  with  the  same  brilliancy  as.j 
if  connected  directly  across  AB,  which  is  also  true  of  the  othei 
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lamp.  If,  however,  the  machines  happen  to  be  directly  opposite 
in  phase,  but  generating  vohage  of  the  same  value,  A  and  B'  are 
of  the  same  potential,  B  and  A'  being  also  of  equal  value;  hence 
lamps  cross- connected  as  In  Fig.  157  would  be  dark.  At  othur 
phase  differences  the  lamps  will  glow,  but  not  as  brightly  as  when 
there  is  no  difference  in  phase.  Hence,  with  this  arrangement, 
the  machines  should  be  thrown  in  parallel  when  the  lamps  arc 
on  the  verge  of  maximum  brightness,  a  condition  readily  deter- 
mined, but  not  possible  willi  the  iirsl  method. 

The  connections  as  shown  in  Figs.  156  and  15"  are  not  directly 
applicable  to  high-tensitm  working,  but  rerjuirc  the  introduc- 
lioD  of  transformers  as  shov^ti  in  Fig.  158,  which  is  a  moditication 
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of  Fig.  157.  The  secondaries  (of,  say,  50  volts  each)  should  be  con- 
nected in  series  with  each  other  and  to  one  100-volt  lamp.  When 
the  two  machines  arc  opposed  in  phase,  the  lamp  is  dim.  If  the 
lamp  Bickers  badly,  the  phase  is  not  right;  but  if  the  lamp  is  steady 
at  full  brightness,  the  machines  are  in  phase,  and  ihcy  may  be 
connected  without  disturbing  the  circuit,  by  closing  the  main 
switch. 

If  altemalors  are  rigidly  connected  to  each  other  or  to  the  engine, 
so  that  they  necessarily  run  exactly  together,  there  is  no  need  of 
bringing  them  into  step  each  lime,  but  they  should  be  adjusted  to 
the  same  phase  in  the  first  place. 

The  connections  of  the  synchronizing  lamps  of  a  three-phase 
system  are  similar  to  lliose  for  a  single-phase  system.  For  instance, 
the  method  employed  in  Fig.  156  may  be  extended,  and  lamps 
connected  as  in  Fig.  159.  If  the  three  lamps  simultaneously  become 
dark  iit  bright,  the  connections  are  correct,  and  the  U\Ttc  ?«j\\Ocvei 
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may  be  closed  at  an  instant  of  darkness.  It  may  happen,  however, 
that  the  lamps  do  not  become  bright  or  dark  simultaneously,  but 
successively.  This  indicates  that  the  order  of  connection  of  the 
leads  of  one  machine  does  not  correspond  with  that  of  the  other. 
In  this  case,  transpose  the  leads  of  one  machine  until  the  proper 
or  simultaneous  action  of  the  lamps  is  obtained.  After  the  roa^^l 
chines  have  been  properly  connected,  it  is  sufhcient  to  synchronize 
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with  one  of  the  lamps.  Similarly,  with  high-tension  systems,  only  a 
single-phase  transformer  is  required,  connected  as  shown  in  Fig. 
160. 

Generators  in  Series. — This  arrangement  is  much  less  common 
than  parallel  working,  being  only  applied  to  series-wound  dynamos 
on  arc  circuits  and  to  "boosters"  (sec  page  89),  The  conditions 
are  exactly  opposite  to  those  of  dynamos  in  parallel. 

To  connect  machines  in  series,  the  positive  tcrmina]  of  one 
.inust  be  connected  to  the  negative  terminal  of  the  next ;  and  each 
must  have  a  current  capacity  equal 
to  the  maximum  current  on  the 
circuit,  but  they  may  differ  to  any 
extent  in  E.M.F.  The  voltages  of 
machines  in  series  are  added  to- 
gether ;  and  therefore  danger  to 
persons,  insulation,  etc.,  is  in- 
creased in  proportion, 

Serifs-wound  dynamos  in  series 
are  connected  in  the  simple  way 
represented  in  Fig.  161,  but  usually  machines  connected  in 
series  are  for  arc  lighting;  for  example,  when  two  dynamos,  each 
of  40  lights  capacity,  arc  run  on  one  circuit  of  80  lamps,  in  which 
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case  the  dynamos  usually  have  some  form  of  regulator.     These 
regulators  do  not  ordinarily  work   well   together,  because   they 

seesaw"  with  each  other.  This  difficulty  may  be  overcome, 
either  by  connecting  the  regulators  so  that  they  must  work 
together,  or  by  setting  one  regulator  to  give  full  E.M.F.,  and 
allowing  the  other  to  control  the  current.  This  latter  plan  can 
only  be  followed  when  the  variation  in  load  does  not  exceed  the 
capacity  of  the  regulating-machine. 

Shunt  or  compound  dym^mos  in  series  run  well  provided  the 
shunt  field-coils  arc  connected  together  to  form  one  shunt  across 
both  machines.  If  the  machine  Is  compound,  the  series-coils  must 
be  connected  in  series  in  the  main  circuit.     Another  plan  is  to 

nnect  each  shunt-field  so  that  it  is  fed  only  by  the  armature  of 
Ihc  other  machine  ;  or  both  the  shunt-coils  may  be  connected  so 
as  to  be  fed  by  one  armature,  the  series-coils  being  in  the  main 
circuit,  as  before. 

}     Alternators   in   Series.  —  The   synchronizing   tendency   which 

makes  it  possible  under  certain  circumstances  to  run  alternators 

parallel,  causes  them  to  get  out  of  .step  and  become  opposed  to 

ch  other  when  it  is  attempted  to  put  them  in  series.  It  is  there- 
fore impracticable  to  put  them  in  series  unless  their  shafts  are 
rigidly  connected  together,  so  that  they  must  run  exactly  in  phase, 
and  add  their  waves  of  current,  instead  of  counteracting  each 
other.     This  is  a  case  that  rarely  arises  in  practice. 

Dynamos  on  the  Three-wire  System  (Direct  Current).  —  In  the 

ordinary  three-wire  system  for  incandescent  lighting,  no  particular 

precautions  are  required  in  starting  or  connecting  dynamos.     As 

matter  of  fact,  the  two  sides  of   the  system  are  almost  inde- 

::ndent  of  each  other,  and  form  practically  separate  circuits,  for 
which  the  middle  or  neutral  wire  acts  as  a  common  conductor. 
There  is,  however,  a  tendency  for  the  dynamos  to  be  reversed  in 
starting  up,  shutting  down,  or  in  case  of  a  serious  short  circuit. 
This  may  be  avoided  by  e.xciting  the  field-coils  of  all  the  dynamos 
from  one  side  of  the  system,  or  by  means  of  a  separate  dynamo. 

K  DIRECTIONS  FOR   RUNNING  DYNAMOS. 

When  a  dyniamo  ha.s  been  properly  started,  it  usually  requires 
ry  little  attention  while  running  ;  and  it  often  runs  well  all 
aay  without  any  care  whatever. 
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In  the  case  of  a  machine  which  has  not  been  run  before  or  hai 
been  changed  in  any  way.  it  is  wise  to  watch  it  closely  at  first^^ 
It  is  also  well  to  give  the  bearings  of  a  new  machine  plenty  of 
oil  in  the  beginning,  but  not  enough  to  get  on  the  armature,  com- 
mutator, or  any  part  that  would  be  injured  by  it ;  and  the  belt 
ought  to  be  ratlier  slack  until  the  bearings  have  gotten  into  easy 
working  condition.     If  possible,  a  new  machine  should   be  run 
without  load,  or  with  a  light  one,  for  several   hours  ;  and   it   is 
always  wrong  to  start  a  new  machine  with  its  full  load,  or  even  a 
large  fraction  of  it.     This  is  true  even  if  the  machine  has  beei^| 
fuHy  tested  by  its  manufacturer  and  is  in  perfect  condition,  because^ 
there  may  be  some  fault  in  setting  it  up  which  would  cause  trouble. 
All  machinery  requires  some  adjustment  and  care  for  a  certain 
time  to  get  it  into  smooth  working  order.  M 

The  person  in  charge  should  always  be  ready  and  sure  to  de-™ 
lect  the  beginning  of  any  trouble,  such  as  sparking,  the  heating 
of  any  part  of  the  machine,  noise,  abnormally  high  or  low  speed, 
etc.,  before  any  injury  is  caused,  and  to  overcome  it  by  following 
the  directions  given  later. 

Special   care   should   be   observed   by   any   one  who   runs 
dynamo  to  avoid  overloading  it,  because  this  is  the  cause  of  mos 
of  the  troubles  which  occur. 

Personal  Safety.  —  Never  allow  the  body  to  form  part  of 
circuit  While  handling  a  conductor,  a  second  contact  may  be 
made  accidentally  through  the  feet,  hands,  knees,  or  other  part  of 
body,  in  some  peculiar  and  unexpected  manner.  For  example, 
men  have  been  killed  because  they  touched  a  "  live  *'  wire  while 
standing  or  sitting  upon  a  conducting  body.  fl 

Rubber  gloves  or  rubber  shoes,  or  both,  should  be  used  in" 
handling  circuits  of  over  500  volts.  The  safest  plan  is  not  to 
touch  any  conductor  while  the  current  is  on ;  and  it  should  be 
remembered  that  the  current  may  be  present  when  not  expected, 
due  to  an  accidental  contact  with  some  other  wire  or  to  a  change 
of  connections.  Tools  with  insulated  handles,  or  a  dry  stick  of 
wood,  should  be  used  instead  of  the  bare  hand.  ■ 

The  rule  to  use  only  one  hand  when  handling  dangerous  clectri- " 
cal  conductors  or  apparatus  is  a  very  good  one ;  because  it  avoids 
the  chance,  which   is  very  great,  of  making  contacts  with  both 
Aands,  and  getting  the  full  current  directly  through  the  body^ 
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The  above  precautions  arc  often  totally  disregarded,  particularly 
by  those  who  have  become  careless  by  familiarity  with  dangerous 
currents.  The  result  of  this  has  been  that  almost  all  the  persons 
accidtntally  killed  by  electricity  fiave  been  experienced  electricians 
tfr  electrical  worknun. 


0IXECT10N3  FOR  STOPPINO  DYNAMOS. 


(Dynamos  may  be  stopped  by  following  substantially  the  same 
ircctions  as  those  given  for  starting  them,  but  in  the  reverse 
rder. 
A  generator  operating  alone  on  a  circuit  can  be  slowed  down 
and  stopped  without  touching  the  switches,  brushes,  etc.,  in  which 
case  the  current  gradually  decreases  to  zero ;  and  then  the  connec- 
tions can  be  opened  or  changed  without  sparking  or  other  diffi- 
^^ulty. 

^P  When,  however,  a  dynamo  is  working  in  parallel  with  others,  or 
with  a  storage  batter)',  it  must  not  be  stopped  or  reduced  in  speed 
until  it  is  entirely  disconnected  from  the  circuit,  otherwise  it  will 
act  as  a  short-circuit.  Furthermore,  the  current  generated  by  it 
should  be  reduced  nearly  to  zero  before  its  switch  is  opened. 
This  is  usually  accomplished  by  adjusting  the  field-regulators  of 
ither  direct-  or  alternating-current  machines. 

A  constant-current  dynamo  may  be  cut  into  or  out  of  circuit 
in   series  with  others,  and  can  be  slowed  down  or  stopped,  or 
its  armature  or  field  coils  may  be  short-circuited  to  prevent  the 
action  of  the  machine,  without  disconnecting  it  from  the  circuit. 
is  absolutely  necessary,  however,  to  preserve  the  continuity  of 
'the  circuit,  and  not  attempt  to  open  it  at  any  point,  as  it  would 
roduce  a  dangerous   arc.     llcnce  a  path  must  he  provided  by 
losing  the  main  circuit  around  or  past  the  dynamo  before  discon- 
necting it.     The  same  rule  applies  to  any  lamp,  motor,  or  other 
de\*icc  on  a  constant-current  circuit. 

It  will  be  obser\'ed  that  in  all  cases  the  generator  should  not 
be  disconnected  until  its  current  is  reduced  to  an  insignificant 
value  ;  and  never,  except  in  an  emergency,  should  a  circuit  be 
opened  at  full  or  even  half  load,  for  the  rea.snn  that  the  flash  at 
the  contact  points,  discharge  of  magnetism,  and  mechanical  shock 
which  result  are  decidedly  objectionable. 

Immediately  after  a  machine  is  stopped,  it  should  ht  ^V\GTCs>i.^^^ 
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cleaned,  and  put  in  condition  for  the  next  run ;  since  this  can  be 
done  much  more  easily  while  it  is  still  warm.     When  not  in  use^J 
machines  should  be  protected  from  dirt  and  moisture  by  covers 
rubber,  oiled  canvas,  or  enamel  cloth. 

DISEASES   OF   DYNAMOS. 


In  the  work  by  Dr.  S.  S.  Wheeler  and  the  author,  to  which  ref- 
erence was  made  in  the  beginning  of  this  chapter,  the  subject  of 
"Locating  and  Remedying  Troubles  in  Dynamos  and  Motors" 
is  treated  in  detail,  about  seventy  pages  being  devoted  to  it.  It 
is  impossible  to  devote  much  space  to  this  matter  in  the  present 
volume;  but  its  importance  is  such  that  the  list  of  possible 
troubles  is  herein  given,  and  whenever  feasible  the  symptoms 
and  remedies  have  also  been  included. 

It  is  evident  that  the  subject  is  somewhat  complicated,  and 
difficult  to  handle  in  a  general  way,  since  so  much  depends  upon 
the  particular  conditions  in  any  given  ca.se.  Nevertheless,  it  is. 
quite  remarkable  how  much  can  be  covered  by  a  systematic  state- 
ment of  the  matter.  I 

It  frequently  happens  that  a  trifling  oversight,  such  as  allowing 
a  wire  to  slip  out  of  a  binding-post,  will  cause  as  much  annoyance 
and  delay  in  the  use  of  electrical  machinery  a.s  the  most  serious 
accident.  Other  troubles,  equally  simple,  but  not  as  easily  de- 
tected, are  of  frequent  occurrence.  In  such  cases  a  very  slight 
knowledge  on  the  part  of  the  man  who  runs  a  dynamo  will  enable 
him  to  overcome  the  difTiculty  immediately,  and  save  much  time, 
trouble,  and  expense. 

It  should  be  remembered  by  those  in  charge  that  it  is  usuall 
better  to  stop  the  machine  when  any  trouble  manifests  itself, 
even  though  the  difficulty  does  not  seem  to  be  very  seriou 
because  it  is  very  likely  to  develop  into  something  worse.  There 
are,  of  course,  many  cases,  particularly  in  electric  lighting,  when 
it  is  almost  impossible  to  shut  down ;  but  even  then  spare 
machines  should  always  be  ready  to  be  quickly  substituted  for 
the  defective  one.  The  continued  use  of  faulty  apparatus  is  too 
common  a  practice,  and  is  often  inexcusable.  Neglect  and  care- 
lessness with  any  machine  are  usually  and  deservedly  followed  by 
accidents  of  some  sort. 

'llie  general  plan  here  followed  is  to  divide  all  troubles  which 
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may  occur  to  dynamos  into  eight  classes,  the  headings  of  which 
are  the  most  important  and  obvious  bad  effects  produced  in  these 
machines ;  viz. :  — 

1.  Sparking  at  the  Commutator. 

2.  Heating  of  Commutator  and  Brus/tes. 

3.  Heating  of  Armature. 

4.  Heating  of  Fitld-magnets. 

5.  Heating  of  Bearings. 

6.  Noise. 

7.  Speed  too  Low. 

8.  Failure  to  Generate. 

Any  one  of  these  general  effects  is  very  evident,  even  to  the 
casual  observer,  and  each  one  of  them  is  perfectly  distinguishable 
from  any  of  the  others,  thus  eliminating  about  seven-eighths  of 
the  possible  cases.  The  next  step  is  to  find  out  which  particu- 
lar one  of  eight  or  ten  causes  in  this  class  is  responsible  for  the 
trouble.  This  requires  more  careful  examination  ;  but,  neverthe- 
less, it  can  be  done  with  comparative  ease  in  most  cases. 

SPARKING   AT    THE   COMMUTATOR. 

This  is  one  of  the  most  common  troubles;  the  objection  to  it 
being  that  it  wears,  or  may  even  destroy,  the  commutator  and 
brushes,  and  produces  heat,  which  may  injure  the  armature  or 
bearings.  Any  machine  having  a  commutator  is  liable  to  it,  in- 
cluding practically  all  direct-current,  and  some  alternating-current, 
machines.  The  latter  have  continuous  collecting-rings  which  are 
not  likely  to  spark,  but  self-exciting  or  compound-wound  alter- 
nators require  a  supplementary  continuous-current  commutator 
that  may  spark.  This  trouble  can  be  prevented  in  most  cases, 
however,  by  proper  construction  and  care.  The  following  causes 
of  sparking  apply  to  nearly  all  machines,  and  they  cover  closed- 
coil  dynamos  especially. 

The  very  peculiar  cases  which  may  arise  in  the  particular  types 
of  open-coil  armatures  (Brush  and  Thomson-Houston)  can  only  be 
reached  by  special  directions  for  each.  A  certain  amount  of  spark- 
ing occurs  normally  in  most  constant -current  dynamos  for  series  arc 
lighting,  where  it  is  not  very  objectionable,  since  they  are  designed 
to  stand  it,  and  the  current  is  small. 


I 


372 


ELECTRIC  LIGHTING. 


The  principles  and  conditions  relating  to  sparking  are  given 
in  Chapter  XVU.  See  also  article  on  *■  Sparking  of  Closed-coil 
Dynamos,"  by  G.  F.  Hanchett,  Electrical  World,  Dec.  29.  1894. 

1.  Cause.  —  Annaturc  carrying  too  much  current,  due  to  (a) 
overload  (for  example,  too  many  lamps  fed  by  the  dynamo);  {b) 
short  circuit  on  the  conductors ;  {c)  excessive  voltage  on  a  con- 
stant-potential circuit,  or  excessive  amperes  on  a  constant-current 
circuit.  ^_ 

2.  Brushes  not  set  at  the  neutral  point.  ^| 

3.  Commutator  rough,  eccentric,  or  has  one  or  more  "high  bars'* 
projecting  beyond   the  others,   or  one   or   more  Jfat  bars,   com*a 
monly  colled  "  flats,"  or  projecting  mica,  any  one  of  which  causcsfl 
brush  to  vibrate,  or  to  be  actually  thrown  out  of  contact  with 
commutator.  ^H 

Remedy.  —  Smooth  the  commutator  with  a   fine  file  or  fino" 
sandpaper,  the  latter  being  applied  by  a  block  of  wood  which 
exactly  fits  the  commutator  (be  careful  to  remove  any  sando^f 
copper  dust  remaining  afterward  ;  ami  never  use  emery).      If  com- 
mutator is  very  rough  or  eccentric,  the  armature  should  be  taken 
out  and  put  in  a  lathe,  and  the  commutator  turned  off.     Large 
machines    sometimes    have  a   slide-rest   attachment,   so  that   the 
commutator   can   be   turned  off  without  removing   the  armature^ 
from  its  bearings.  ^ 

In  turning  a  commutator  in  the  lathe,  a  diamond-pointed  tool 
should  be  u.scd,  having  a  very  .sharp  and  smooth  edge,  and  only 
an  exceedingly  fine  cut  should  be  taken  (»ff  each  time.  The 
surface  is  then  finished  by  applying  a  "dead  smooth"  file  while 
the  commutator  revolves  rapidly  in  the  lathe.  Any  particles  ot 
copper  should  then  be  carefully  removed  from  between  the  bars. 
Sometimes  a  very  little  vaseline,  or  a  drop  of  oil,  may  be  applied 
to  a  commutator  which  is  rough.  Too  much  oil  is  very  bad,  an^H 
causes  the  following  trouble:  — 

4.  Brushes  make  poor  contact  xotth  commutator ;  that  is,  they^ 
touch  only  at  one  comer,  or  only  in  front  or  behind,  or  there 
dirt  on  surface  of  contact.     Sometimes,  owing  to  the  presence 
too  much  oil,  or  from  other  cause,  the  brushes  and  commutator 
become  very  dirty.     Insufficient  pressure  also  gives  poor  contact. 

6.    Short-circuited  or  reversed  coils  in  armature,  —  The  former 
become  heated  even  after  a  few  minutes'  run. 
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6.  Broken  circuit  in  annafun'. 

7.  ** Grounds"  in  armature  (i.e.,  accidental  contact  between  the 
inductors  and  the  core).     Sec  paper  on  "  Location  of  Grounds  In 

^^Armatures,  I-'iclds,"  etc.,  read  by  C,  E.  Gifford  before  Amer,  Inst. 

■Elec.  Eng..  June  25,  1895. 

^H     8.    Cause. —  Weak  ficUi-ntagm'tism. 

^"      Symptom.  —  Voltage  low,  pole-pieces  not   strongly  magnetic, 

I      non-sparking  point  of  brushes  shifted  from  normiU  position. 

^K    Remedy.  ^  In  a  shunt-wound  machine  this  trouble  is  probably 

due  to  a  poor  contact,  or  other  excessive  resistance  in  the  field- 
^^ircuit. 
^H      9.    Unequal  distribution  of  magfutism.  —  One  pole-tip  is  much 

^weaker  than  the  other  (of  the  same  pole-piece),  due  to  too  great 
^HAnnature  reaction  compared  with  M.M.F,  of  field-magnet. 
^H     10.    Vt-rj'  high  resistance  brush.  —  A  carbon  brush  may  have 
^Bbo  high  resistance  to  make  sufficiently  good  contact. 

11.    Vihratiiyu  of  machine,  usually  due  to  imperfect  balance  of 

Fiaturc  or  pulley  or  to  a  faulty  belt. 
12.    Chatter  of  brusites. — This  occurs  with  carbon,   brushes, 
ticularly  when  they  are  radial,  and  if  commutator  is  sticky. 
Remedy.  —  A  very  little  oil  will  usually  stop  it. 
13,    Puisations  of  current. — Variations  in,  or  surgings  of,  the 
current,  due  to  action  of  engine  governor  or  other  cause. 
^^     14.    **  Flying"  break,  or  short  citrnit.  in  armature  conductors, 
^^irhich  only  e.sists  when  armature  is  running,  and  is  usually  due 
to  centrifugal  force. 
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The  degree  of  heat  that  is  injurious  or  objectionable  in  a  dy- 
namo or  motor  is  easily  determined  by  applying  the  hand  to  the 
various  parts.  If  the  heat  is  bearable,  it  is  entirely  harmless. 
But  if  the  heat  is  unbearable  for  more  than  a  few  seconds,  the 
safe  limit  of  temperature  has  been  passed,  e.\cepi  in  the  case  of 
mmutators  in  which  solder  is  not  used.  In  testing  with  the 
nd,  allowance  should  always  be  made  for  the  fact  that  bare 
etal  seems  much  hotter  than  cotton,  etc.  If  the  heat  has 
ome  so  great  as  to  produce  an  odor  or  smoke,  the  safe  limit 
s  been  far  exceetled.  and  the  current  should  be  shut  off,  and 
e  machine  stopped  immediately,  as  this  indicates  serious  trouble. 
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The  effect  of  heat  on  the  insulation  of  wires,  and  the  tempera- 
ture at   which  it  is  injured,  have  been  investigated  by  Reeve.^| 
Neither  water  nor  ice  should  ever  be  used  to  cool  electrical  ma- 
chincryf  except  possibly  the  bearings  of  large  machines,  where  i^^ 
can  be  applietl  without  danger  of  wetting  the  other  parts.  H 

Determining  heat  by  feeling  will  answer  in  ordinary  cases ; 
but  the  sensitiveness  of  the  hand  differs,  and  it  makes  a  great 
difference  whether  the  surface  is  a  good  or  bad  conductor  of 
heat.  The  back  of  the  hand  is  more  sensitive  and  less  variable 
than  the  palm  for  this  test.  For  more  accurate  results  a  thermom- 
eter should  be  applied,  and  covered  with  a  small  pad  of  cloih  or 
waslc.  The  surface  temperature  of  any  portion  of  the  machine 
should  not  rise  more  than  40*  C.  or  72°  F.  alwve  that  of  the  sur- 
rounding air,  except  commutators  and  collector  rings,  for  which  55* 
C.  rise  is  allowed.  The  proper  dclermination  of  healing  in  electrical 
apparatus  is  by  resistance  measurements,  as  stated  in  Chap.  XVU.  ■ 

It  is  important  lo  locate  the  heat  where  it  is  produced.  A  hot 
bearing  may  cause  the  armature  or  commutator  lo  heat,  or  vkt 
versa;  hence  all  parts  should  be  tested,  to  ascertain  which  is  the 
hoUcsL  It  is  more  defmite  to  start  with  the  machine  perfectly  cool, 
:md  any  serious  trouble  is  usually  perceptible  after  a  few  minutes* 
run  at  full  speed  with  tlie  ficld-magnct  exdted. 


HEATINt;    OF    COMMUTATOR    AND    BRUSHES. 


J 


1.  Cause.  —  Heat  produced  in  the  armature,  bearing,  or  field- 
€0ih. 

2.  Sparking.  —  Any  of  the  causes  of  sparking  already  given 
will  produce  heating.  ] 

8.    Tcftdituy  to  spark,  or  slight  sparking  not  visible 

4.  Overheated  commutator  may  disintegrate  carbon  brushes, 
and  cover  commutator  mth  a  black  film  which  offers  resistance 
and  aggravates  the  heat. 

5.  Bad  connections  in  bmsh-holder. 

6.  Arcing  or  short  circuit  in  commutator  across  mica,  or  ins 
lation  between  bars  or  nuts. 

7.  Carbon  brushes  heated  by  the  current.  —  Carbon  brushes 
require  less  attention  than  copper,  because  they  do  not  *'  cut 
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*  Ettflrit  PffWfr,  June,  1805. 
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ie  commutator,  and  their  resistance  prevents  the  development 
of  sparking ;  but  this  higher  resistance  causes  them  to  heat 
more  than  copper,  particularly  if  they  do  not  make  good  contact 
over  their  entire  surface. 
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HEATING    OF    ARMATURE. 


^ 


If  the  armature  of  a  dynamo  is  allowed  to  run  as  a  motor 
without  load,  any  excess  of  current  taken  must  be  converted 
into  heat  by  some  defect ;  hence  this  current  is  the  best  indica- 
tion of  the  condition  of  a  machine.  It  is  easy  to  determine 
whether  an  armature  is  hot,  even  when  nmning,  by  placing  the 
hand  in  the  current  of  air  thrown  off  by  centrifugal  force. 
I  1.  Cause.  —  Excessive  current  in  armature  coils,  —  The  same 
as  Cause  1  for  Sparking. 

2.  Short-circuited  armature  coils,  —  The  same  as  Cause  5  for 
Sparking. 

8,  Moisture  in  artnature  coils.  —  Similar  to  preceding,  but 
armature  is  more  uniformly  healed,  and  gives  oflF  vapor.  Should 
be  baked  for  several  hours  at  about  240°  F.  This  may  be  done 
in  an  oven,  near  a  fire,  or  by  passing  full  current  through  it. 

4.  Foucault  currents  in  armature  core. — This  is  a  matter  of 
first  construction.     (Sec  Chapter  XVII.) 

6.  Eddy   currents  in  armature  conductors.  —  Also    structural. 
Chapter  XVIL) 

^:  Reversed  coils  on  one  side  of  armature,  which  cause  a  local 
current  to  circulate  around  it.  A  small  current  is  sent  through 
the  armature  standing  still,  and  faulty  coil  will  show  reversed 
polarity  if  a  compass  is  slowly  passed  around  the  armature. 

7.  Heat  convc)'td  from  other  parts.  {See  Heating  of  Commu- 
tator, Bearings,  and  Field.) 

8.  Flying  short  circuit  between  armature  conductors,  which  only 
ists  while  armature  is  riinning,  and  is  usually  due  to  centrifugal 

lorce. 
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HEATING    OF    FIELD-MAGNETS. 


LI.    Cause.  —  Excessive  current  in  field-coils.  —  Reduce  the  volt- 
,  or  increase  the  resistance,  of  a  shunt-field.     If  the  trouble 
is  due  to  a  short  circuit  in  one  coil,  that  one  vnW  \)e  coo\c:t,  "asA 
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the  corresponding  pole-piece  will  be  magnetically  weaker,  than 
the  others  with  which  it  is  in  series. 

2.  Fottcault  currmts  in  pole-pi^es.  —  A  structural  defect    {See 
Chapter  XVII.) 

3.  Moisture  in  fidd<oils.  —  Similar  effect  to  Cause  1.     Treat- 
ment as  in  Cause  3  for  Armature  Heating. 


HEATING   OP  BEARINGS. 


H 


If  the  bearing  is  very  hot,  the  shaft  should  be  kept  turning 
slowly,  as  it  might  "freeze,"  or  stick  fast,  if  stopped. 

1.  Cause.  —  Lack  of  oil, 

2.  Grit  or  other  foreign  matter  in  the  bearings. 

3.  Shaft  rough  or  cut. 

4.  Sfiaft  and  Bearing  ft  too  tightiy. 

6.  Shaft  sprung  or  bcnt^  in  which  case  it  turns  with  more 
difTiculty  at  a  certain  part  of  its  revolution. 

tj.   Bearings  out  of  line.  —  Shaft  turns  more  easily  if  screws 
which  hold  bearing  in  place  are  slightly  loosened. 

7.  Thrttst  of  pulley,  collar,  or  shoulder  on  shaft  against  ont  or 
both  of  the  bearings. 

8.  Too  great  strain  on  the  belt. 

9.  Artnature  nearer  one  pole-piece,  producing  greater  magnetic 
attraction  on  that  side. 

10.    Bearing  is  heated  by  hot  pulley ^  commutator,  or  armature. 


nore  ■ 


NOISE. 

A  dynamo  may  seem  to  make  a  noise,  which  in  reality  is 
caused  by  the  engine  or  other  machincr)'  to  which  it  is  connected, 
bm  listening  near  the  different  parts  will  show  where  the  sound 
originattfR. 

1 .  Cause.  — -  Vibration  due  to  armature  or  pulley  being  out  of 
balance.     (See  Chapter  XVTl.) 

2.  Aiynature  strikes  or  rubs  against  pole-pieces.  —  This  is 
detected  by  placing  the  ear  near  the  pole-piece,  by  examining  the 
armature  to  see  if  its  surface  is  abraded,  or  by  observing  the 
clearance  between  the  armature  and  field  while  the  former  is 
slowly  revolved. 
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3.  Shaft  coifar  or  shoulder^  hub  or  edge  ofpuUeyt  or  beit,  strikes 
Unst  bearings. 

4.  Rattling  due  to  looseness  of  screws  or  ot/ter  /nirts. 

5.  Humming,  squeaking,  or  hissing  ofbrnslu's.  —  May  be  located 
by  placing  the  ear  near  the  commutator,  and  by  lifting  off  the 
brushes  one  at  a  time.  A  little  oil  usually  reduces  the  noise  ;  but 
a  rough  commutator  should  be  made  smooth,  as  described  under 
Cause  3  of  Sparking. 

6.  Flapping  of  beit  or  pounding  of  joint  agaitist  pulley. 

■    7.    Slipping  of  belt  on  pulley  because  of  overload,  producing  an 
intermittent  squeaking  noise. 

6.    Humming  of  armature  teeth  as  they  pass  edges  of  pole-pieces. 

9.    Humming  due  to  alternating  or  pulsating  current. 


ises.) 


SPEED  TOO   LOW. 

Cause.  —  Overload,     (Sec  Cause  1,  Sparking.) 
Short  circuit  in  armature.     (See  Cause  5,  Sparking.) 
Armature  strikes  pole-pieces.     (See  Cause  2,  Noise.) 
Sliaft  does  fwt  revolve  freely.     (See  Heating  of  Bearings,  all 

FAILURE   TO    GENERATE. 


1.  Cause.  — Residual  magnetism  too  weak  or  destroyed,  Amq  to  {a) 
%nbration  or  jar;  {b)  pro.ximity  of  another  dynamo;  {c)  earth's  mag- 
netism ;  ((/)  accidental  reversed  current  through  fields,  not  enough 
to  completely  reverse  magnetism.  Actual  reversal  of  residual 
magnetism  may  be  very  objectionable,  as  in  case  of  charging  sto- 
rage batteries  ;  but,  although  the  popular  supposition  is  to  the  con- 

r,  it  will  not  cause  the  machine  to  fail  to  generate. 

2.  Reversed  connections  or  direction  of  rotation. 

3.  Short  circuit  in  the  machine  or  external  circuit  prevents  the 
voltage  of  a  shunt  wound  djTiamo  from  building  up. 

4.  Fitld-coils  opposed  to  each  other,  in  which  case  the  pole-pieces 
will  be  of  the  same  instead  of  opposite  polarity  when  tested  with 
a  compass,  a  current  from  some  other  source  being  sent  through 
the  coils. 

S.  Open  circuit.  —  {a)  broken  wire  or  faulty  connection  in  the 
dynamo  itself ;  {b)  brushes  not  in  contact  wlVv  tivft  tOTwrowvaXw  \ 
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{c)  safety-fuse  melted  or  absent:   {d)  switch  open;   {e)  externa 
circuit  open. 

In  all  the  other  cases  when  a  dynamo  fails  to  generate,  the 
field-magnetism  is  very  weak ;  but  it  sometimes  happens  that 
the  magnetism  may  have  full  strength,  and  the  only  trouble  is 
the  simple  fact  that  a  switch  or  other  connection  is  open.  This 
is  determined  by  testing  the  field-magnets  with  a  piece  of  iron.  1 
6.  Bntskes  not  in  proper  position,  —  The  correct  points  of  con- 
tact for  the  brushes  depend  upon  the  particular  kind  of  winding, 
and  no  general  rules  can  be  laid  down.  In  the  absence  of  definite 
knowledge,  the  points  on  the  commutator  having  the  greatest 
difference  of  potential,  as  determined  by  a  voltmeter,  are  thftj 
pro|>er  positions  for  the  brushes.  1 

,  BibUograpb?  of  the  Dynamo-Electric  Machinery.— A  number  of 
important  papers  and  artide-i  on  this  subject  have  already  been 
referred  to  in  the  last  four  chapttTs.  Among  the  prominent  books 
rchting  to  the  dynamo  arc  ihe  following: — 

Cox,  F.  P.,  CoHlinmwi  CHrretit  Dynamps  anit  Afotorx,  N.Y.,  1803. 

CfiOCKPK.  F.  D.,  and  S.  S.  Whleler.  Practical  ManagemtHt  of  Dynamt* 
and  Motors.  New  York. 

Hawkins.  C.  C.  and  F.  WAr.i.is,  The  l>ynamo.  Third  Ed.  London,  IMS- 

Hkring,  C,  PriHcipUi  1)/  Dynamo- Elet trie  Afachines.  N.Y..  1&S8. 

Hoi'KlNsoN.  J.,  Original  Papers  on  DyH.imo  Afaihtnery,  N.Y..  lHft3, 

Jackson.  D.  C,  EUctromagnetism  and  the  Construction  of  Dynamos,  N.I 
and  London.  1803. 

Parshall.  H.  F.,  and  H.  M.  HobaRT,  Armature  Handings.  N.  Y.,  181 

pRF.sc<tn .  G.  B..  Dynamo  Electricity,  N.  Y..  1890. 

SCHEU.EN.  H..  Magneto- Eiti trie  and  Dynamo- Electric  Machines,  N. 
1884. 

Sheldon,  S.,  Dynamo- Electrit  Machinery.      Vol.   I..    Direcl  Curren 
Vol.  11..  Alternating  Current.     N.  Y.,  1  WO  and  1902 

Thompson.  S.  P.,  Dynamo-Electric  Machinery,  Seventh  Edition,  Loodc^vo' 
and  N.  Y.,  1904.  ^1 

Thompson,  S.  P.,  Design  of  Dynamos,  N.  Y.  and  London,  iftoa,  ^^ 

Wkvmuuth.  F.  M..  Drum  Armatures  and  Commutators,  London,  \9W&^ 

Wiener,  A.  E..  Dynamo-Euctrie  Machines,  N.  Y.,  1898. 
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CHAPTER    XX. 


^     STORAaZl  BATTBRIBS.      PRINCIPLES,  OONSTHUOTION,  AND 
^L  MANAQEMENT. 

H  Stokag£  or  secondary  batteries,  also  called  acciimulalors,  con- 
sist of  cells  in  which  a  chemical  change  is  brought  about  by  pass- 
ing an  electric  current  through  them,  thereby  rendering  ihcm 
capable  of  gi\'ing  back  electrical  energ)-  by  discliarging  them  until 

Hjdiey  return  to  their  original  chemical  condition. 

Ordinarily  a  storage  balter\-  consists  essentially  of  two  sets 
of  plates  immersed  in  a  chemical  solution.  The  plates  are  of  metal 
or  metallic  compound,  and  the  solution  is  incapable  of  acting  upon 
them  until  an  electric  current  is  passed  from  one  plate  to  the  other. 
This  current  decomposes  the  electrolyte;  one  of  its  constituent 
elements  or  radicals  goes  to  one  plaic,  and  the  remaining  constituent 
to  the  other,  so  that  when  the  passage  of  the  current  ceases  there 
arc  two  chemical  elements  or  radicals  with  a  tendency  to  'unite, 
and  upon  combination  the  energ>'  evolved  appears  as  an  electric 
imiTCiit,  which  flows  in  a  direction  opposite  to  that  of  the  charg- 
ing current.  The  flow  of  current  continues  until  the  cell  is  restored 
to  its  original  condition;  when  this  occurs  the  cell  is  said  to  be 
discharged  and  must  be  charged  again  or  regenerated  by  passing  a 
current  through  it,  as  before. 

■  A  Primary  CeU  is  one  in  which  electrical  energ)-  is  produced 
b>'  the  chemical  action  of  one  or  two  solutions  on  the  plates  of  the 
cell.  When  the  solutions  or  plates  or  both  are  exhausted,  they  are* 
replaced  by  new  ones  and  arc  not  restored  tn  their  original  condition 
by  the  passage  of  an  electrical  current.  The  ability  to  bo  electric- 
ally regenerated,  known  as  revf:rsibUity,  is  the  fundamental  differ- 
ence between  storage  and  primary  cells. 

In  1802,  soon  after  the  invention  of  the  primary  cell  by  Volta, 
Gautherol  demonstrated  the  fact  that  platinum  wires,  after  being 
used  to  clectFolize  saline  solutions,  were  abic  to  produce  secondary 
currenls.    Volta,    Rittcr,  Davy,  and  others  doled  iunCuu  v:S^Q:e\s^ 
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the  phenomenon  being  what  is  commonly  called  polarzatton.  In 
1859  Plants  under  ook  a  series  of  experiments  w-ith  the  object 
of  magnifying  this  effect  and  finally  developed  the  Plants  type  of 
storage  battery;  neariy  all  successful  t>'pes  of  the  present  day 
being  based  upon  it. 

Types  of  Storage  Batteries: 

Plants. 

Faure. 

Combination  of  Plant6  and  Faurc. 

Non-lead, 

This  cell  was  originally  made  by  placing  two  plates  of  metallic^ 
lead  in  a  vessel  containing  dilute  sulphuric  acid.  These  plates  were 
connected  to  an  electric  generator,  and  a  current  sent  through  thefl 
cell,  which  decomposed  the  electrolyte  and  oxidized  the  positive 
plate.  The  cell  was  then  discharged;  but  the  energy  obtained  was 
ver>'  small,  the  action  being  confined  to  the  immediate  surface  of  the 
plates.  By  repeated  charging  and  discharging  first  in  one  direction 
and  then  in  the  other,  the  oxidation  penetrated  deeper  and  deeper 
into  both  plates,  thus  increasing  the  storage  capacity  of  the  cell. 

The  chief  difficulty  with  the  PlannS  battery  was  the  great  length 
of  time  required  for  "forming"  the  plates,  which  as  just  explained 
consists  in  converting  the  surface  of  the  plates  into  active  materials 
by  repeated  charging  and  discharging.  This  takes  a  long  lime  and 
is  expensive,  as  it  requires  a  lai^e  consumption  of  electrical  cnei^-. 
Plant<S  hastened  this  forming  prtjccss  by  pickling  the  plates  In  diluie- 
nitric  acid,  then  washing  them  in  a  10  per  cent  sulphuric  acid  soiu-, 
lion,  after  which  they  were  electrically  formed. 

In  ISSl  Faure  devised  the  method  of  pasting  the  lead  oxid* 
or  active  material  directly  upon  ihc  plates.  This  largely  a\'oids 
the  tedious  forming  process;  but  Ihc  plates  thus  produced  are  not 
as  durable  as  the  Plants  elements,  being  more  likely  to  disinte-fl 
grate  and  buckle,  Ixx-ausc  the  paste  is  not  an  integral  part  of  the 
plate  and  there  is  considerable  diftcrencc  in  the  coefficients  of  ex-  ^ 
pan.sion  of  lead  and  of  the  oxide.  H 

General  Principles  of  the  Storage  Battery. — .Any  primar)-  bat- 
tery will  act  as  a  storage  batierj-  pn)vif!e<i  its  chemical  action  is 
reversible.  The  ordinary  gravity  cell,  fur  example,  may  be  r^cn- 
eiuted  hy  sending  a  current  through  it  In  the  direction  opposit 
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lothat  of  the  current  produced  by  it.  The  zinc  sulphate  and  the 
metallic  copper  are  thus  reconverted  into  metallic  zinc  and  sulphate 
of  copper  respectiveiy^  the  chemical  action  being 

ZnS04+ Cu  +  Electricity = Zn+  CuSO,, 

which  is  exactly  the  reverse  of  the  action  in  the  primar>'  cell.  There 
arc,  however,  practical  difficulties  in  the  continued  recharging  of 
a  spent  gravity  cell,  due  to  the  ultimate  mixture  of  the  sulphate 
solutions,  so  that  the  copper  salt  reaches  the  negative  electrode,  where 
the  metal  is  deposited  and  sets  up  destructive  local  action.  In  some 
forms  of  primary  cells,  the  chemical  action  liberates  a  gas  that 
escapes,  so  that  the  action  is  irreversible. 

Chemical  Action  In  Lead  Storage  Batteries. — The  exact  nature 
of  the  chemical  changes  which  occur  in  lead  batteries  is  not  yet 
fully  established.  Plants  believed  the  charging  action  to  consist 
in  the  formation  of  peroxide  of  lead  (PbO,)  on  the  positive  plate, 
ajid  metallic  lead  on  the  negative,  which  were  converted  into  lead 
oxide  (PbO)  on  both  plates  by  the  dischai^.  Some  authorities 
still  maintain  this  to  be  the  chief  reaction;  but  it  has  been  shown 
by  Gladstone  and  Tribe,*  and  corroborated  by  subsequent  investi- 
gations, that  the  formation  of  lead  sulphate  plays  an  important  part.f" 

The  principal  reaction  may  be  represented  as  follows: — 


Positive  PUte. 

Electrolyw- 

1 

MejCfttiv«  PUt«. 

Charged  Condition 

P1)0, 

+ 

2H,SO, 

+ 

Pb 

Discharxcd       " 

PbSO, 

+ 

2H,0 

+ 

PbSO, 

Cbargiog  Current 
Discharginc   " 

^^ 

,_ 

■m. 

According  to  the  above  equations,  the  active  material  on  both 
plates  is  converted  into  lead  sulphate  when  the  battery  is  dis- 
charged. The  reasons  for  believing  this  to  occur  are:  first^  chemical 
analysis  shows  that  lead  sulphate  exists  in  the  discharged  plate; 
second,  the  density  of  the  electrolyte  decreases  during  the  discharge 
of  the  cell,  corresponding  to  the  consumption  of  sulphuric  acid  and 
the  formation  of  water  as  shov  n  in  the  above  reactions;  third,  on 
Ihermochemical  grounds,  the  energy  produced  by  the  formation  of 

*  SotuTf.  Jan.  5.  March  IG.  July  1.1,  0«.  13,  1SR2,  and  April  19,  1883. 
i  Eietirkian  (Lonit),  he^nning  Sepi.,  1.S94;   also  EUdricity  (N.  Y.),  begiaainft 
Oct.  10.    1S04.  by  E.  J.  Wade.     Jaumal  Institution  of  Eitct.  Eng.,  icA,  -nx-.V 
[W.  &  .^ynon. 
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lead  sulphate  from  metallic  lead  and  the  peroxide  corresponds  v 
the  E.M.F.  obtained. 

Storage  Batteries  of  the  Plant*  Type.  -It  was  noted  that  the 
serious  objection  to  the  Plants  baiter}'  was  the  great  length  of  time 
necessary  to  form  the  plates,  and  how  Plantd  treated  them  with 
nitric  acid  to  hasten  this  action.  Other  methods  are  used  to  obtain 
a  quickened  formation,  and  are  tabulated  as  follows: —  ^ 

1.  Ifecltattical   Adiott:    Laminated    plates,  made    up    of    Icad^ 

ribbons  or  built  up  of  lead  wires,  etc.    The  surface  of  the 
plate  is  grooved  with  some  forming  tool.  ■ 

2.  Chemkal:  Treating   the   plates   in   some  pickling   bath,  to 

produce  initial  oxidation. 

3.  Electrolytic:   Forming  a  plate  of  some  compound  of  lead  ot 

an  alloy,  and  cither  reducing  the  compound  or  eating  the 
foreign  matter  away,  leaving  a  porous  lead  plate.  ^ 

The   Gould   Storage    Battery. — This  baUcr>-   is  made   by   theS 
Gould  Electric  Storage  Battery  Company,  and  the  plates  are  pro- 
duced by  a  combination  of  the  first  and  third  methods.     The  plates  or 
blanks  arc  placed  in  steel  frames  and  passed  between  two  revolving 
shafts  whicn  carry  disks  that  cut  the  surface  as  shown  in  Fig,  162. 
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No  lead  is  removed  by  this  process,  but  the  surface  is  ploughed  up, 
Jt  is  then  subjected  to  electrochemical  treatment  to  form  the  active 
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malcrial.      The  completed  cells  range  in  size  from  a  cell  of  throe 
plates  3  by  3  inches,  to  one  of  one  hundred  and  five  piales  each 
il5.5  by  31  inches,  and  in  capacity  from  &ve  to  seventeen  thousand 
ampere-hours. 

The  curves  shown  in  Fig.  163  are  obtained  from  tests  of  a  cell 
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containing  plates  each  15.5  by  31  inches,  and  101  in  number,  made 
^plor  the   Pan-American    Exposition.     The   weight  of  this  battery 
complete  is  about  7,0iW  pounds. 

The  CromptoD-Howell  Battery. — A  standard  form  successfully 
used  in  England  is  of   the  Plante  type,  the  plates  being  composed 

Iiof  a  porous  crystalline  lead,  made  according  to  method  3  and  after- 
Wards  "formed"  by  repealed  charges  and  discharges.  The  dimen- 
sions of  the  plates  are  9  by  9  inches  by  \  inch,  and  the  dilTcrcnt  sizes 
of  cell  are  made  up  by  varying  the  number  of  plates.  A  cell  of  this 
type  with  sixty-one  plates  can  maintain  a  discharge  of  1 ,000  amperes 
lior  thirty  minutes  without  a  serious  fall  in  potentiaL 
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^  As  already  stated,  the  difficulty  with  the  Faure  type  is  the  ten- 
dency to  disintegrate  or  buckle.  Various  means  intended  to  in- 
crease the  adhesion  of  the  active  material  have  been  suggested,  of 
which  the  most  imiH>rtant  are  as  follows: 

II.  Plates  are  grooved,  roughened,  or  "pocketed." 
2.  Plat(»  arc  entirely  perforated,  the  holes  being  circular,  or 
rectangular,  and  van-ing  in  cross-section;  some  have  a  uniform 
section  through  the  grid  A,  Fig.  164,  others  arc  contracted  at  the 
center  J5,  and  they  have  also  been  expanded  at  the  center  of  the 
gridC. 

3.  The  active  materials  may  be  inclosed  in  either  a  conductini^ 
tor  non-conducting  cage. 
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4.  The  plates  may  be  made  up  entirely  of  active  material. 
Faure  cells  usually  have  a  greater  output  (or  a  given  weight. 


fig,  164,  Di^ftHt  Ontm  g«gtf»w  of  Faun  PMw  Ptrforatltn^ 

that  is,  a  higher  weight  efficienc)',  than  Plants  iypcs,  because  ihcj 
proportion  of  active  material  may  be  made  larger. 

The  E.  P.  S,  Battery  is  one  of  the  most  important  of  the  Faui 
type,  its  name  being  the  initials  of  the  Electric  Power  Storage  Com- 
pany, by  which  it  is  manufactured  in  England.  h 

The  plates  consist  of  lead  grids  cast  in  an  iron  mold,  and  haveV 
the  cross-section  shown  in  Fig.  165.    The  later  types  have  a  thia 
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perforated  strip  of  lead  running  across  each  opening  midway  be- 
tween the  edges.  The  holes  A  in  the  grid  are  completely  hllcd 
with  a  paste  of  red  lead  or  minium  (PbjOj  and  dilute  sulphuric 
acid  for  the  ix)sitive,  while  the  paste  for  the  negative  consists  of 
minium,  or  litharge  (PbO)  and  dilute  sulphunc  acid  or  magnesium 
sulphate  solution.  These  pastes  are  pressed  into  the  grids  and 
dried.  The  plates  arc  hardened  in  dilute  sulphuric  acid,  after 
which  they  are  ready  for  forming.  A  strong  current  for  48  hours 
is  required  for  the  positive  plate  and  for  24  hours  in  the  case  of 
the  negative  plate. 

COUSIN ATIOR8  OF  PLANTS   AND  rADRB  TYPBS. 

The  Chloride  Battery,  manufactured  by  the  Electric  Storage 
Battery  Comjmny  of  Philadelphia,  is  a  compromise  between  the 
PlantC-  and  Faure  types,  the  positive  being  of  ihe  Plants  type  and 
the  negative  of  practically  the  Fame  type. 

The  principal  features  in  the  manufacture  of  this  battery  arc 
as  follows-   The  Qrst  step  is  the  production  of  finely  divided  lead 
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which  is  made  by  directing  a  blast  of  air  against  a  stream  of  the 
molten  metal,  producing  a  spray  of  lead  which  upon  cooling  falls 
as  a  powder.  This  powder  is  dissolved  in  nitric  acid  (HNO,)  and 
precipitated  as  lead  chloride  (PbCl,)  on  the  addition  of  hydro- 
chloric acid  (HCl).  This  chloride  washed  and  dried  forms  the 
basis  of  the  material  which  afterwards  becomes  active  in  the  neg- 
itivc  plate  5,  Fig.    166.    The  lead  chloride  is  mixed  with  zinc 
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chloride,  and  melted  in  crucibles,  then  cast  into  small  pastiles  or 
tablets  about  }  inch  stiuare  and  of  the  thickness  of  the  negative 
plate,  which  according  to  the  size  of  the  battery  varies  from  \  inch 
to  1^  inch.  These  tablets  arc  then  put  in  molds  and  held  in  place 
by  pins,  so  that  they  clear  each  other  by  .2  inch  and  are  at  the  same 
(^stance  from  the  edges  of  the  mold.  Mohcn  lead  is  then  forced 
into  the  mold  under  about  seventy-five  pounds  pressure,  com- 
pletely filling  the  space  between  the  tablets.  The  result  is  a  solid 
lead  grid  holding  small  scjuarcs  of  active  material.  The  lead  chlo- 
zide  is  then  reduced  by  stacking  the  plates  in  a  tank  containing 
a  dilute  solution  of  zinc  chlorirle.  slabs  of  zinc  being  aKcrMi.Vii*i.  hsvC& 
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them.    This  assemblage  of  plates  constitutes  a  short-circuited  cell, 
the  lead  chloride  being  reduced  tn  metallic  lead.     The  plates  a 
then  thoroughly  washed  to  remove  all  traces  or  zinc  chloride. 

A  later  form  of  negative  plate  consists  of  a  ''pocketed"  grid, 
the  opening  being  tilled  with  a  litharge  paste;  this  is  then  covered 
with  perforated  lead  sheets,  which  are  soldered  to  the  grid.  The 
positive  plate  {/I,  P"ig.  166)  is  a  firm  grid,  composed  of  lead  alloyed 
with  about  5  per  cent  of  antimony,  about  ^^  inch  thick,  with  cir- 
cular  holes  \\  inch  in  diameter,  staggered  so  that  the  neaxestfl 
points  are  .2  inch  apart.  Corrugated  lead  ribbcins  \\  inch  wide 
arc  then  rolled  up  into  close  spirals  of  \\  inch  in  diameter,  which 
are  forced  into  the  circular  holes  of  the  plate.  By  electrochemical 
action  these  spirals  arc  formed  into  active  material,  the  process 
nxjuiring  about  thirty  hours;  at  the  same  time  the  spirals  expand  so 
that  they  til  slill  more  closely  in  the  grids.  This  form  of  positive 
is  known  as  the  Manchester  Plate. 

In  setting  up  the  cells  the  plates  are  separated  from  each  other 
by  special  cherry  wood  partitions,  the  perforations  being  connected 
by  vertical  grooves  to  facilitate  the  rising  of  the  gases.  Sometimes 
glass  rods  are  used  as  separators. 

There  are  ten  sizes  of  cell,  the  smallest  containing  three  plates 
3  by  3  inches,  and  the  largest  having  seventy-five  plates  loi  by 
30J  inches,  ranging  in  cajwcityfrom  5  to  12,000  ampere-hours,  and  in 
weight  from  h\  to  5,800  lbs.  The  smaller  sizes  are  provided  with 
cither  rubber  or  glass  jars,  and  the  larger  ones  with  lead-lined  tanks. 

The    Tudor    Cell  is  extensively  used  in  Europe,  and  to  some 
extent  in  this  country,  although  no  longer  manufactured  bene.    The 
plates  consist  of  n>Ucd,  grooved  sheets  as  shown  in  P'ig.   167,  A 
being  the  hollows  or  grooves  into  which  the  paste  is  introduced  and 
B  the  lead  frame.    The  thickness  of  the  plate  between  opposite 
grooves  Is  about  .12  inch  for  the  positive,  and  about  .06  inch  for  S 
the  negative.    The  width  of  grooves  on  the  positive  plate  is  also  ^ 
about  .12  inch,  while  on  the  negative  it  is  about  .08  inch.    The 
grooves  are  first  coated  with  a  thin  layer  of  peroxide  of  lead  (PbO,)  fl 
by  electrolysis,  and  then  packed  with  the  oxides  as  required,  the 
plates  being  rolled  to  "fix"  the  paste.    This  treatment  of  the  grid 
with    an  electrolytic  bath    before    applying  the  active  material  ts 
covered  by  U.  S.  patent  No.  413,112.    The  cells,  of  this  type,  range 
in  capacity  from  26  to  630  ampere-hours. 


STORAGE  BATTERIES. 


387 


It  is  the  tendency  lo  make  the  positive  plate  of  the  Plants  fonn 
and  the  negative  of  the  Faure  or  pasted  type,  the  reason  being  that 
the  Plants  form  is  more  difficult  to  make,  and  as  the  activity  is  small 
on  the  negative,  the  pasted  plate  is  good  enough.  The  practice  in 
lead  batteries  is  to  make  the  negative  plate  of  greater  capacity  than 
the  positive,  as  the  charging  and  discharging  of  a  cell  in  service 
tends  to  form  more  active  material  on  the  positive  plalc,  whereas  the 
capacity  of  ilie  negative  plate  tends  to  decrease,  so  that  allowance  is 
ftmadc  as  above  stated. 
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Fig.  7ff/.    fvtfw  SoRrry  PiM*, 

Lithanode.— Mr.  Desmond  Fitzgerald  has  made  storage  bat- 
teries with  a  positive  plate  consisting  entirely  of  active  material 
made  up  of  litharge  (PbO)  mixed  with  ammonium  sulphate 
(NH^)jS04  pressed  into  the  required  shapes.  This  plate  is  con- 
verted into  peroxide  by  choraicaT  treatment.  The  negative  con- 
gists  of  the  ordinar}'  lead  plale.  While  this  cell  has  a  high  weight 
efficiency,  it  is  not  of  much  commercial  importance,  though  used 
considerably  in  laborator>'  work. 

Storage  Batteries  Containing  Metals  other  than  Lead, — It  has 
already  been  stated  that  almost  any  primar>'  cell  will  act  more  or 
less  perfectly  as  a  secondary  cell;  as,  for  example,  the  common 
gravity  battery.  A  great  many  have  been  devised  in  which  the  lead 
in  one  or  both  of  the  plates  has  been  replaced  by  some  otKw  xsw^s^ 
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Por  example,  Reynier  made  the  negative  plate  of  zinc  instead  of 
lead,  this  zinc  in  discharging  being  con\*crted  into  zinc  sulphate, 
which  dissolved  in  the  clectroh'lc.  The  substitution  of  zinc  for 
lead  secures  an  increase  in  initial  E.M.F.  from  2.2  to  2.5  volts,  and 
xilso  allows  of  a  considerable  reduction  in  weight;  because  for  the 
storage  of  a  given  amount  of  energy  the  weight  of  the  zinc  required 
is  much  less  than  that  of  the  equivalent  lead.  A  difficulty  with 
this  t_\pe  of  cell  is  the  formation  of  "trees"  of  zinc  on  the  negative 
plate  during  the  charging  process,  which  are  likely  to  fall  off  or 
extend  across  to  the  positive  plate,  thus  short-circuiting  the  ccU. 
Another  difficulty  is  the  diiTercnce  in  density  of  the  solution  between 
the  lop  and  bottom  of  the  plates,  the  tendency  being  to  exhaust  the 
zinc  sulphate  from  the  upper  portion  of  the  liquid  during  charging- 
To  avoid  this  trouble  llie  plates  have  been  arranged  horizontally. 
so  that  the  density  would  be  unift>rm  for  each  plate;  but  the  difficulty 
then  arises  that  the  gases  which  form  to  a  certain  extent  in  almost 
all  batteries  collect  between  the  plates,  interfering  with  the  chemical 
nttiiin  and  the  passage  of  tlic  current. 

A  similar  type  of  cell  was  manufactured  by  the  Union  Electric 
•Company  of  New  York,  in  which  the  negative  plates  consisted  of  S 
Uiin  sheet  copper  covered  with  zinc  amalgam,  and  the  positive  plates  " 
were  made  up  of  Lamina  of  lead  held  together  by  leaden  rivets  and 
perforated  with  numerous  small  holes,  these  positives  being  formed 
by  the  Plants  process. 

Waddell-Eotz    Accumulator.  —  The  copper  alkali-zinc    primary 

I      battery  of  Lalande,  Chaperon,  and  Edison,  being  reversible  in  action,  ■ 
can  be  used  as  a  storage- batter}'.    Waddell  and  Entz  have  con-  B 
structed   accumulators  on    this   principle.    \Vhen   discharged,    the  ™ 
positive  plate  consists  of  porous  copper;  on  charging  the  electrolyte 
is  decomposed,  metallic  zinc  being  deposited  on  the  negative  plate^ 
the  porous  copper  of  the  positive  plate  is  oxidized,  and  the  liquid 
becomes  converted  into  a  solution  of  caustic  potash  (KOH).    The 
E.M.F.  is  low,  being  about  .7  volt  per  cell.  H 

The  Edison  Storag  Battery. — The  standard  cells  of  this  type 
arc  13  inches  high,  5.1  inches  wide,  and  var)'  in  length  according  to 
their  rating,  the  various  capacities  being  obtained  liy  simply  increasing 
the  number  of  plates.  The  positive  and  negative  plates  are  alike  fl 
in  appearance,  and  consist  of  rectangular  grids,  of  nickel-plated 
iron,  each  at>out  9J  by  5  by  -025  inch,  punched  with  Lha*c  n)ws  of 
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ztangular  holes,  eight  holes  to  the  row  (Fig.  1G8);  each  hole  being 
fiUcd  by  a  shallow  perforated  box  of  nickel-plated  steel,  the  per- 
ioralions  being  very  fine,  about  2,500  per  square  inch. 

The  difference  between  the  positive  and  negative  plates  is  en- 
tirely in  the  contents  of   the    perforated   receptacles;   those  for  the 
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poaiive  plate  containing  a  mixture  of  oxide  of  nickel  and  pul- 
verized carbon,  the  latter  being  employed  to  increase  the  conduc- 
tivity of  the  active  material.  The  receptacles  for  the  negative  plates 
contain  a  finely  divided  oxide  of  iron  and  pulverized  carbon.  When 
filled  these  receptacles  are  secured  to  the  grid  by  placing  them  in 
the  openings  of  the  same,  and  subjecting  the  assembled  plate  to  & 
pressure  of  about  100  tons,  which  expands  the  pockets  and  fixes 
them  firmly  in  the  grid,  the  assembled  plates  being  shown  in  Fig.  169. 
The  liquid  employed  consists  of  a  20  per  cent  solution  of  caustic 
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potash,  which  undergoes  no  chemical  change  during  the  process  of 
charge  or  discharge,  acting  simply  as  a  conveyor  of  oxygen  between 
the  plates.     The  charging  current,  entering  at  the  positive  platc^  oxi^| 
di/x'S  the  nickel  compound  lo  Lhc  penixidc  state,  and  reduces  ihc  iron 
compound  in  the  negative  plates  to  a  spongy  iron  mass.    The  con- 
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taining  vessel  consists  of  nickel  plated  steel,  and  the  plates  arc  strong 
individually  and  close  together,  being  separated  by  thin  strips  ofj 
vulcanized  rubberf  thus  forming  a  compact  mass.    The  terminals 
the  plate  pass  through   the  cover  of  the  cell,  from  which    thev  ai 
insulated  by  ^-ulcanized  rubber  bushings. 

The  electrical  features  of  the  Edison  cell  are  as  follows: — 
Average  voltage  of  charge  al  normal  rate,  1.68- 
Average  voltage  of  discharge  al  normal  rate,  1.24. 
A  set  of  charge  and  discharge  cur\'es  of  a  lSO-amj>cre-hour 
is  shown  in  Fig.   170.    This  batten,-  is  rated  at  30  amperes  for 
period  of  six  hours.    The  various  cells  have  a  weight  efficiency 
11.5  to  13.2  watt-hours  per  pound,  depending  upon  the  size.    The 
watt  eflftcicncy  under  norma!  working  conditions  is  about  60  per 
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^^ent.    The  charging   and   dischar^ng  rates  are   alike  and  cover         ^| 
wide  ranges.    A  cell  may  be  charged  at  a  high  rale  in  one  hour,          ^| 
without  apparent  detriment  except  lowering  the  efl5ciency  slightly.         ^| 
It  is  not  appreciably  influenced  by  temperature  changes,  and  may         ^| 
be  fidly  discharged  to  ihc  zero-point  of  E.M.F.,  or  even  charged  in          ^M 
the  reverse  direction,  and  then  recharged  to  normal  conditions  with-           ^M 

BjAit  sufTering  loss  in  storage  capacity  or  other  injur)'.    The  best          ^M 
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'     lesults  are  obtained  when  twice  as  many  positive  as  negative  plates          ^M 
art:  employed,  and  the  standard  cells  are  made  up  on  this  basis*          ^| 
This  type  is  intended  especially  for  electric  automobile  service,  by         ^M 
virtue  of  its  high  weight  efiicienc>',  and  abilit)'  to  endure  rough          ^M 
racchanical  as   well   as  electrical   treatment.     The  same  qualities          ^M 

^would  also  adapt  it  to  portable  electric-lighting  purposes.                           ^M 

^^^^H                  UA»AQE11EINT  OF  BTOBAOB  BATTBBIEIS.                                  ^^^H 

^f     In   describing  the   handling  of  storage   batteries,    the   various          ^| 
types  of  lead  cells  will  be  considered,  as  they  constitute  a  very  large          H 
majority  of  the  cells  in  commercial  use,  especially  for  stationary          H 
t     senice.                                                                                                     H 
^P      The  Battery  Room. — ^In  the  installation  of  a    battery,  the  first          ^| 
point  to  be  considered  is  its  loaition.    The  room  for  this  purpose          ^M 
should  be  drj',   well   ventilated,  and  of  a  moderate  temperature,          fl 
otherwise  the  e\aporation  of  the  electrolyte  will  be  excessive.    The          ^t 
floor,  walls,  and  ceiling  must  be  of  some  acid-proof  material,  brick         ^M 
or  tile  being  preferable,  and  the  floor  made  so  as  to  draim  Tf»&-\^\       ^M 
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an  outlet  being  provided  to  the  sewer  or  drainage  system.  If  the 
room  is  an  old  one,  having  a  wooden  floor,  the  lallcr  should  be 
coated  with  asphaltura  paint,  and  lead  trays  placed  below  the  bat- 
teries; any  woodwork  or  ironwork  in  the  room  should  also  be  treated 
in  a  similar  manner. 

The  room  should  be  sealed  from  the  rest  of  the  building,  and 
located  near  the  generating  machinery  and  distribution  switct^l 
board,  so  that  the  copper  cables  may  be  low  in  cost.  The  window^^ 
in  the  battery  room  should  be  either  of  ground  or  painted  glass, 
so  that  no  direct  rays  of  the  sun  may  strike  the  cells,  as  the  heat 
may  crack  the  celts  if  made  of  glass,  or  increase  the  activity  of  the 
acid,  which  is  not  desirable. 


fiq.  t7t.  Slau  litMlator  for  Sattarf  Sufiport. 

In  case  the  battery  installation  is  in  a  cold  climate,  some  devicr 
for  keeping  the  electrolyte  at  a  mixierale  temperature   must   be 
used.    A  simple  plan  is  to  suspend  an  incandescent  tamp  in  the  cell 
and  have  il  connected  to  some  automatic  device  which  wiU  put  ii 
out  when  the  electrolyte  is  at  the  desired  tcmpcratme,  or  hghl  i^ 
when  the  electrolyte  is  too  cold.  ^ 

Setting  up  the  Cells.— The  bailcry  is  usually  placed  on  the 
floor,  or  upon  strong  wooden  shelves.  Fig.  172  showing  a  form 
adapted  to  cells  of  medium  size.  Iron  stands  are  sometimes  used 
for  large  and  hea\7  cells,  but  they  must  be  prelected  from  acid 
fumes  and  drip  by  several  coats  of  an  acid-proof  paint.  Wooden 
stands  should  be  varnistiedj  pamted,  or  soaked  in  paiafiin  ior  the 
same  reason.  It  is  important  to  have  every  cell  accessible  ior 
inspection,  cleaning,  and  removal,  it  bemg  desirable  to  reach  both 
sides.  There  should  also  be  sufficient  head  room  between  shclveiH 
so  that  the  elements  may  l>e  lifted  out,  fl 

It  is  highly  important  that  the  cells  be  thoroughly  insulated 
from  each  other,  to  avoid  leakage  of  current.  This  is  accomplished 
by  standing  each  cell  on  four  insulators  of  porcelain  or  glass  of 
the  design  shown  in  Fig.  171.  Porcelain  is  preferable  to  gl 
the  ladcr  is  sometimes  pitted  by  the  action  of  acid  fumes. 
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I^ead-linecl  tanks  arc  usually  set  as  follows:  The  floor  is  covered^ 
with  a  layer  of  glazed  tile  or  brick,  on  which  arc  placed  two  wooden^ 
stringers  about  3  by  4  inches,  carefully  painted  with  acid-proof 
paint.  On  these  are  set  four  insulators  held  in  place  by  wooden 
pegs  kepi  in  position  by  pouring  melted  sulphur  around  them. 
The  battery  tray  and  baltei^-  are  placed  on  these  insulators  as  indi- 
cated in  Fig.  172. 

Oil  insulators  were  formerly  used,  but  the  oil  collects  dust,  an( 
as  this  is  likely  to  cause  leakage  they  are  no  longer  empUiyed.     For' 
very  large  lead-tank  oulfils  a  double  system  of  the  supporting  con- 
stniction  shown  in  Fig.  172  is  used,  but  with  individual  stringers 
for  each  cell.     Glass  cells  are  often  set  on  wooden  trays,  which  arc, 
&lled  with  sand  to  distribute  the  stmins  and  absorb  the  drip.     Sai 
dust  was  also  used,  but  it  becomes  carbonized  by  the  acid  drip,  ant 
as  this  is  likely  to  cause  leakage,  it  has  been  abandoned. 

In  connecting  the  cells,  usually  put  in  series,  great  care  should 
be  taken  to  Join  the  positive  terminal  of  one  to  the  negative  of  the 
next,  and  so  on.  The  color  of  the  plate  is  the  best  indication  of  its 
]jolarily,  the  positive  plate  being  a  Uglit  brown  when  discharged 
and  a  chocolate  color  when  charged,  while  llie  negative  varies  from 
a  dark  to  a  light  slate  color.  It  should  be  noted  that  the  nomenclaiS 
lure  concerning  storage  batteries  is  dtfTerenl  from  that  of  prunary^ 
cells.  The  jx>silive  plate  in  the  former  is  the  penixide  plate  (brown) 
and  is  that  one  from  which  the  current  flows  out  in  dischargin, 
whereas  that  would  be  the  negative  plate  of  a  primar)-  battery. 
The  posilivc  pole  or  terminal  in  a  storage  battery  Is  an  extension 
of  the  positive  plate,  and  is  connected  to  the  positive  terminal  of 
the  dynamo  in  charging;  consequently  there  is  less  cause  for  con- 
fusion of  terms  than  with  the  primar)-  cell 

It  is  well  to  test  the  polarity  of  each  cell  and  of  the  circuit  before 
making  connections.  This  may  be  done  with  any  form  of  pole- 
test  r,  or  by  the  definite  expedient  of  dipping  the  two  terminals  in 
dilute  sulphuric  acid,  the  one  from  which  the  most  bubbles  arise 
being  negative.  The  connections  should  be  scraped  clean  and 
screwed  up  ver>'  tight,  being  coated  with  acid-proof  paint  to  avoid 
corrosion.  The  most  satisfactor>'  way  is  to  weld  or  "bum"  the 
positive  terminal  of  one  cell  to  the  negative  terminal  of  the  next, 
though  soldered  conncclions  arc  good.  This  soldering  is  done  as 
follows:  Two  strips  of  lead  and  the  tcrminak  to  be  connected  arc  very 
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carcfuDy  cleaned;  the  lead  strips  arc  then  clamped  to  the  terminals, 
a  mold  placed  around  the  joints  and  molten  lead  poured  into  it. 

The  Electrolyte.— PiactiLX'  vares  considerably  as  to  the  strength 
of  snluticm  to  use.  Chemically  pure  sulphurx  acid  is  carefully 
poured  into  water-uniil  its  density  becomes  about  1.2,  and  ihcn 
ihe  mixture  is  allowed  to  cool  before  pouring  it  into  the  cells  It 
is  important  to  use  perfccl'y  pure  acid  and  water,  as  impurities 
will  cause  local  actions  and  ultimately  destroy  the  plates.  Water 
should  never  be  poured  into  sulphuric  acid,  as  it  is  likely  to  cause 
the  liquid  to  be  thrown  out  violently.  The  electrolyte  should  com- 
pletely cover  the  plates.  Cells  f<3r  vehicle  work  use  an  elertrotyle 
wth  density  as  high  as  1.3.  The  advantage  of  a  stnmg  solution  ts 
its  lower  resistance;  but  it  is  likely  to  produce  the  very  objectionable 
effect  of  ".suljihating." 

The  density  of  the  electrolyte  falls  immediately  after  filling  a 
cell,  some  of  the  acid  being  taken  up  by  the  plates;  but  it  rises 
again  in  charging;  for  example,  from  1.17  la  1.2.  Il  is  convenient  to 
keep  hydrometers  in  several  tell.s  to  observe  the  density  of  the  elec- 
trolyte, not  only  at  the  beginning,  but  as  a  permanent  indicator 
of  the  amount  of  charge  and  general  working  conditions. 

Cbarging. — The  charging  should  begin  immediately  after  a 
new  cell  is  tilled  with  the  electrolyte,  otherwise  the  plates  are  likely 
lo  become  "sulphatcd."  The  first  charge  differs  from  subse- 
quent regular  charges  in  that  it  should  be  at  a  rate  (tower  than 
normal)  that  will  not  cause  he  temperature  of  the  cell  to  reach 
100°  v.,  but  in  all  other  respects  it  is  the  same. 

Indications  of  Anioimt  of  Charge  in  a  Storage  Battery. — 
1,  The  E.M.F,  rises  fmm  1.7  volts,  the  minimum  value  to  which 
a  lead  cell  should  be  discharged,  to  approximateSy  2.5  volts 
when  fully  chained,  although  this  value  may  be  a  trifle  higher  or 
tower,  depending  upon  the  rate  of  charge  and  temperature  of  cell. 
The  rise  is  gradual,  but  more  rapid  near  the  beginning  and  end 
of  the  charge,  as  indicated  in  Fig.  ITJJ.  When  the  cell  is  fully  charged, 
the  KM.F.  becomes  constant  and  the  curve  approaches  a  hori- 
zontal line  as  shown.  The  charging  should  then  be  stopped,  as 
any  more  energ)*  passed  through  the  cell  is  simply  wasted  in  pro- 
ducing gases.  The  external  voltage  is  higher  in  charging  than  In 
discharging  because  of  the  internal  resistance  of  the  cell  nnd  result- 
ing drop,  which   must    be    overcome    in    chaiginft.      TVt      c^v^^jj^s 
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should  be  measured  when  the  current  is  flowing  either  in  charging 
or  discharging.  ThL*  E.M.F.  on  open  circuit  has  lit  le  pract'cal 
significance.     The  exact  elcctrica   relations  are  given  later. 

2.  //  a  record  is  kepi  of  the  exact  number  of  ampere-hours  of 
charge  and  dischargCj  the  actual  amount  of  enci^'  in  the  batter}* 
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at  any  time  is  known,  due  allowance  being  made  for  leakage  and 
other  losses.  For  this  purpose  any  integrating  instrument,  such 
as  the  Thomson  recording  wattmeter,  may  be  used. 

3.  The  density  oj  the  electrolyte  gradually  rises  during  the  charg- 
ing operation  (Fig.  173);  the  density  when  charged  being  about 
-025  higher  than  when  discharged.  There  is  a  lag  in  the  change 
of  the  density  of  the  electrolyte,  the  acid  not  being  absorbed  or 
given  ofl  at.  once  by  the  plates;  lu-nce  a  little  lime  should  be  allowed 
before  taking  any  hydrometer  reading  as  final. 

4.  Bubbles  of  gas  are  given  of}  freely  when  the  battery  is  fully 
charged,  because  the  material  of  the  plates  15  then  no  longer  able 
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to  take  up  the  oxygen  and  hydrogen  which  tend  to  be  set  free  by 
the  electrolysis;  these  bubbles  give  the  electrolyte  the  appearance 
boiling,  and  often  they  arc  so  line  that  the  liquid  looks  almost 
mi.ky-while,  particularly  in  a  cell  which  hiis  not  been  very  long  in 
use. 

I  5.  Th<  cdor  of  the  positive  phues  varies  from  a  light  browTi  on 
active  parts  to  a  chocolate  color  when  fully  charged,  and  to  nearly 
black  when  overcharged.  The  negatives  var\-  from  pale  to  dark 
siale  color,  but  they  always  differ  in  color  from  the  positives. 
This  indication  of  the  amount  of  charge  is  Ic^imcd  by  experience, 

^but  is  quite  defmite  after  one  becomes  familiar  with  a  particular 
>atiery. 

6.  Cadmium  Tw/.— Cadmium,  when  immersed  in  the  electro- 
I)ie  of  a  storage  batterv",  gives  reliable  readings  of  the  potential  of 
the  jKfiitive  and  the  negative  plates  with  respect  to  itself.  In  this 
way  the  condition  of  each  plate  of  a  batter)'  can  be  determined. 
Readings  are  taken  by  inserting  the  cadmium  (connected  to  one 
terminal  of  the  voltmeter)  into  the  electrolyte,  but  free  from  contact 
with  plates,  and  connecting  the  other  lenninal  of  the  voltmeter  I'rst 
to  the  positive  plate,  and  then  to  the  negative  plate. 

In  making  a  cadmium  test,  care  must  be  exercised  to  use  either 
a  sulphaled  piece  of  cadmium,  or  lo  wash  the  surface  of  the  bright 
metal,  after  every  reading,  in  distilled  water,  also  when  inserting 
the  cadmium  into  the  electrolyte,  to  keep  it  out  of  contact  with  the 
plates.  The  cadmium  piece  can  be  permanently  fastened  to  one 
terminal  of  the  voltmeter,  and  it  should  bo  covered  by  a  soft  rubber 
tube,  perforated  to  admit  the  electroKle;  in  this  way  rapid  reading 
can  be  taken. 

The  relations  between  the  cadmium  readings  and  the  total 
external  voltage  of  the  cell  is  lixcd^  that  is  to  ^ay,  on  discharge,  the 
latter  added  to  the  minus  (cadmium  to  negative  plate)  reading  should 
e<)ual  the  plus  (cadmium  to  positive  plate)  reading.  The  voltmeter 
used  for  this  work  ought  lo  be  a  good  one  and  read  accurately  at 
the  low  end  of  the  scale,  otherwise  the  minus  readings  cannot  be 
taken. 

With  normal  conditions  of  cell,  when  fully  charged  and  on  open 
circuit)  the  difference  of  potential  between  the  positive  plate  and 
the  cadmium  piece  is  2.5  volts  or  nearly  so,  and  between  the  cad- 
mium piece  and  the  nrfniiij  pinir  in  grjonr  neatlY  aa. 


3£)8 


ELECTRIC  LIGHTING, 


I 


To  avoid  false  conclusions  in  making  a  cadmium  test,  bydrom- 
ctcr,  temperature,  and  charge  data  should  be  noted.    The  caihnium 
test  is  usually  made  at  the  center  of  the  cell  to  get  a  uniform  current  S 
distribution.    This  lest  gives  readings  the  sum  of  which  is  less  than  ^ 
2.")  rolls,    when   hjj'drometcr  lests,   temperature,  and  charge  data 
show  that  the  cell  is  not  fully  charged.    If,  however,  the  hydrometer,  ■ 
temperature,  and  other  data  show  the  charge  to  be  completed,  and 
the  cadmium  lest  gives  .1  volt  or  more  below  2.5  volts,  it  indicates 
trouble;  whichever  plate  shows  the  falling  off  from  normal  read 
ing  is  the  defective  one,  and  should  be  examined  for  some  of  the 
troubles  that  will  be  discussed  later. 

In  some  cases  the  cadmium  reading  with  respect  to  both  plates 
may  approach  zero;  this  is  caused  by  a  short  circuit  in  the  cell,  which 
should  be  found  and  removed  immediately. 

The  proper  rate  of  charge  dejjcnds  upon  the  size  and  type  of 
cell,  and  is  usually  specified  by  the  manufacturer  in  each  case,  being 
merely  an  empirical  fact,  determined  by  the  construction  of  the  fl 
plates.  The  current  for  charging  is  ordinarily  obtained  from  a 
direct -current  dynamo,  but  any  other  direct -current  source  may  be 
employed.  The  potential  required  for  charging  must  exceed  that 
of  the  battery^  which,  during  the  operation,  acts  as  a  counter  E.M.F., 

P-e 
the  ex[)rcssion  being  /=— ^ ,  in  which  /  is  the  current,  P  the  poten- 
tial applied  to  battery  terminals,  e  the  counter  E.M.F.,  and  R  tbe| 
internal  resistance  of  the  cell.  Usually  /*  is  5  to  10  jwr  cent  greater 
than  €,  in  order  to  cause  the  neccssarj'  charging  currt;nt  to  flow 
thniugh  the  resistance  R  of  the  cell.  In  practice  P  is  regulated 
until  the  required  charging  current  /  is  obtaincrl.  J 

P-e  T 

The  above  equation,  put  into  form  of  it-— p-,  enables  the 

internal  resistance  J?  to  be  calculated,  varying  considerably  with 
temperature,  and  with  different  slates  of  charge.  Another  form  of 
the  above  equation,  e-^P-IR,  sliows  that  the  true  EM.F.  of  the 
battery  is  less  than  the  chai^ng  voltage  by  an  amount  equal  to  the 
product  of  the  charging  current  and  the  internal  resistance.  Con- 
versely, in  discharging,  the  total  EM.J'\  of  the  cell  is  greater  than 
the  potential  difference  P  between  its  terminals  by  the  same  amount, 
that  is,  e~P—IR.  Hence  it  is  necessary  to  know  /  and  /?,  or  tOi| 
measure  the  voltaee  when  the  circuit  is  ot>en  (in  which  case  / 
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in  order  to  find  the  real  E.M.F.  of  cell.  This  applies  to  each  indi- 
vidual cell  as  well  as  to  the  entire  batter)'. 

If  the  charging  voltage  P  be  kept  constant,  it  Is  evident  from 
the  above  equiilions  thai  the  current  /  will  gradually  tlccaase, 
since  the  C.E.M.F.  uf  the  cell  steadily  rises  as  shown  in  Fig.  173. 
This  effect  is  counteracted  somewhat  by  the  fact  thai  the  internal 
resistance  R  also  diminishes,  owing  to  the  density  of  the  electrolyte 
increasing.  Such  a  gradual  reduction  in  the  strength  of  the  charg- 
ing current  is  considered  desirable  by  some  authorities,  because 
it  enables  the  cell  to  lake  a  greater  charge  than  if  the  current  were 
maintained  at  full  strength.  On  the  other  hand,  a  diminishing 
rate  makes  il  difficult  to  keep  account  of  the  exact  number  of  umpcrc- 
hours  supplied  to  the  cell;  hence  in  ordinary  commercial  work 
it  is  considered  simpler  to  charge  with  a  constant  current,  and  if  it 
is  desired  to  keep  the  cell  temperature  down,  the  current  may  be 
decreased  near  the  end  of  the  charge.  Most  types  of  cells  arc  not 
injured  by  slight  overcharging  at  a  moderate  rate  and  it  may  be 
allowed  to  occur,  because  it  tends  to  remove  "sulphaling."  A 
considerable  overcharge  should  be  avoided  as  it  causes  excessive 
formation  of  gas-bubbles  in  the  active  materials,  is  likely  to  heat 
the  cell  and  even  cause  disintegration  and  buckling  of  the  plates. 

Discharging. — A  storage  battery  is  in  most  cases  discharged 
within  a  few  hours  after  being  charged,  as,  for  example,  in  electric 
b'ghting,  when  the  engine  and  dynamo  are  run  during  the  day  for 
charging  the  batter}*  which  supplies  current  to  the  lamps  during 
the  night.  But  a  portable  battery  for  feeding  lamps  might  be 
required  to  retain  its  charge  for  several  days.  A  certain  loss  of 
charge  occurs  in  any  battery,  amounting  to  about  25  per  cent  in  one 
week,  but  for  one  day  or  less  it  is  quite  small.  Even  when  the 
discharge  occurs  immediately,  the  average  voltage  and  the  ampere- 
hours  obtained  are  less  than  for  the  charge,  as  explained  under 
"Efficiency-." 

The  operation  of  discharging  is  naturally  the  converse  of  charg- 
ing, the  changes  which  have  been  described  as  occurring  in  the 
latter  take  place  also  in  the  former,  but  in  the  reverse  order.  The 
normal  rate  of  discharging  is  usually  c<]ual  to  that  of  charging, 
but  may  be  somewhat  greater.  In  some  cases  it  is  necessary  to 
discharge  at  higher  rates,  but  by  *»  doing  a  percentage  of  the  capacity 
in  ampere-hours  is  sacrificed.     For  example,  &  ceW  ncVosr  ■watxw^ 
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eight-hour  discharge  rate  is  100  amperes  can  be  discharged  at 
400  amperes  for  one  hour,  but  only  50  per  cent  of  the  cell's  capacity 
in  ampere-hours  is  obtained  at  the  latter  rate. 

PERCENTAGE  OF  CAPACITY  VARIATION  AT  DIFFERENT 
DISCHARGE  RATES. 
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An  excessive  discharge  rale  is  injurious  to  most  types  of  storage- 
battery  plates  because  il  tends  to  disintegrate  the  plates,  and  abnor- 
mally heals  the  electroI>'te,  which  hastens  disintegration;  it  is  there- 
fore advisable  to  protect  the  battery  with  fuses  or  an  automatic 
circuit  breaker. 

A  lead  storage  batterv*  should  never  be  discharged  compiefely,  as  it 
is  very  likely  to  become  "sulphated,"  or  otherwise  injured;  and 
moreover  the  E.M.F.  falls  so  rapidly  towards  the  end  of  discharge 
that  the  current  would  be  of  no  practical  value.  The  limit  of  dis- 
charge is  usually  considered  to  be  the  point  at  which  the  external 
voltage  drops  to  1.75  volts,  though  when  cells  are  used  at  the  one- 
hour  rate  the  limit  of  discharge  is  1.6  volts.  The  charge  usually 
left  in  a  storage  batlcr>*  is  from  1(1  to  30  per  cent  of  the  total  capacity. 
depending  on  the  rate  of  discharge,  but  this  involves  no  considerable- 
loss  of  energy  or  efficiency,  since  it  remains  in  the  battery  each  time 
and  the  charging  begins  at  that  point. 

The  Efficiency  of  Storage  Batteries. — The  efficiency  of  any 
ajjpuralus  Is  the  ratio  between  what  il  gives  out  and  what  il  con- 
sumes. In  a  storage  battery  it  Is  the  ratio  of  the  amount  of  discharge 
to  what  is  rajuired  to  bring  the  batten.-  back  to  its  original  condi- 
tion. Wliile  this  seems  extremely  simple  and  definite,  there  are 
several  opportunities  for  confusion  'or  quibble. 

In  the  iirst  place,  the  "ampere  efficiency,"  or  more  properly 


I 


STORAGE  BATTERIES. 


401 


the  "ampere-hour  efficiency,"  which  is  the  ratio  of  the  ampere- 
hours  drawn  from  the  battery  to  the  ampere-hours  put  into  the 
batterj',  is  quite  different  from  the  watt-hour  efficiency.  The  latter 
is  the  real  efficiency,  because  it  considers  the  energy,  and  includes 
the  voltage  as  well  as  the  ampere-hours.  Ampere  efficiency  is 
interesting  as  showing  the  action  of  a  battery,  but  is  not  of  much 
commercial  importance.  Tt  may  be  used  either  through  ignorance 
or  intention  to  give  a  false  idea,  being  often  15  per  cent  higher  tJian 
the  watt  efficiency. 

Another  difficulty  with  ampere  efficiency  is  the  fact  that  it  is 
possible  to  obtain  an  a]>parent  efficiency  nf  over  100  per  cent  from 
a  storage  Ijattcr>'.  Since  about  25  per  cent  of  charge  is  always 
left  in  the  cell,  it  is  porssible  to  draw  out  apiurenlly  more  ampere- 
hours  than  were  put  in,  by  simply  discharging  more  than  usual. 
The  same  result  may  be  (jbtained  by  fully  charging  a  battery  se\'eral 
limes,  but  only  partially  discharging  it  ejjch  time. 

In  general  practice  it  has  been  found  that  the  efficiency  of  storage- 
batter)'  plants,  when  in  good  condition,  varies  from  75  to  80  per 
cent. 

Depreciation  of  Storage  Batteries. — The  depreciation  is  claimed  to 
be  as  low  as  5  per  cent  per  annum;  in  fact,  storage-battery  installa- 
lions  arc  often  insured  and  kept  in  repairs  by  the  makers  for  4  lo  6 
per  cent  per  annum  of  their  total  original  cost.  This  figure  is  as  low 
as  the  maintenance  of  the  very  best  steam  or  electrical  machinery. 
Instances  are  cited  in  which  storage  batteries  have  required  no 
repairs  or  renewals  for  periods  of  five  or  even  ten  years.  On  the 
other  hand,  the  life  of  storage  batteries  in  traction  or  automobile 
work  has  in  some  cases  not  exceeded  six  months.  One  must  be 
somewhat  guarded  in  accepting  low  hgures  for  deprecfation,  be- 
cause from  their  nature  the  plates  are  very  easily  injured  and  difTicult 
to  repair.  It  would  be  unwise  for  any  one  purchasing  a  batter)' 
whhout  the  makers  guarantee,  to  allow  less  than  10  per  cent  for  its 
annual  depreciation,  and  this  does  not  include  interest,  taxes,  or 
other  fixed  chaises. 

THOUBLBS  AXCD  RSKEDXES. 


The  most  serious  troubles  which  occur  in  storage  batteries  are 
sutphating,    buckling,    disintegration^    and    short -circuatiift^   (A   '^>fc 
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plates.  These  can  usually  be  avoided,  or  cured  by  proper  treat- 
ment if  they  have  not  gone  loo  far. 

Sulphating.— ^The  normal  chemical  reaction  which  takes  place 
in  storage  batteries  is  supposed  to  produce  lead  sulphate  (PbSO.) 
on  both  plates  when  they  are  discharged,  their  color  being  usually 
light  brown  and  gray,  due  to  the  presence  of  PbO,  on  the  posi- 
tive plate.  But  under  certain  circumstances  a  whitish  scale  forms 
on  the  plates,  probably  consisting  of  PbjSOj.  Plates  tlius  coated 
are  said  lo  be  "sulphated."  This  term  is,  however,  somewhat 
ambiguous,  the  formation  of  a  certain  proportion  of  ordinary  lead 
sulphate  {I*bSO.)  being  perfectly  legitimate,  but  the  word  has  ac- 
quired a  special  significance  in  this  connection.  \  plate  is  inactive, 
and  practically  incapable  of  being  charged,  when  covered  with  this 
white  "sulphate,"  as  it  is  a  non-conductor. 

The  conditions  under  which  this  objectionable  sulphating  is 
likely  to  occur  are  as  follows: 

(a)  A  storage  batterj,-  may  be  overdischarged,  that  is,  run  below 
the  limits  of  voltage  specified,  and  left  in  that  condition  for  several 
hours. 

(6)  A  storage  battery  may  be  left  discharged  for  some  time,  even 
though  the  limits  have  not  been  exceeded. 

(c)  The  electrolyte  may  be  too  strong. 

(d)  The  electrolyte  may  be  too  hoi  (above  12.5°  F.). 
(«)  A  short  circuit  may  cause  "sulphating"  because  the  cell 

becomes  discharged  (on  open  circuit)  and  during  charging  it  re- 
ceives only  a  low  charge  compared  with  the  other  cells  of  the  series. 
A  battery  may  become  overdischarged  or  remain  discharged  a  long 
time  on  account  of  leakage  of  current  due  !o  defective  insulation 
of  the  ceHs  or  circuit,  or  the  plates  may  become  short-circuited 
by  particles  of  tlie  active  or  foreign  substances  falling  between  llicm. 

(/)  By  charging  at  a  very  low  rate,  for  example,  onelhirticth 
of  normal. 

Sulphating  may  be  removed  by  carefully  scraping  the  plates. 
The  faulty  ccUs  should  then  be  charged  at  a  low  rate  (about  one-half 
normal)  for  a  long  period.  In  this  way,  by  fully  charging  and  only 
partially  discharging  the  cells  to  about  1.9  volts  at  ihe  S-hour  rate, 
for  a  number  of  times,  the  unhealthy  sulphate  is  gradually  eliminated- 
When  the  cells  are  only  slightly  sulphated,  the  latter  treatment  is 
su/Tidcnl  without  scraping;  but  with  cells  that  arv  very  badly  sul- 
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pbated,  the  charge  should  be  at  about  one-quarter  the  nonnal  rate 
for  three  da3rs. 

Adding  to  the  electrolyte  a  small  quantity  of  sodium  sulphate, 
or  carbonate,  which  latter  is  immediately  converted  into  sodium 
sulphate,  tends  to  hasten  the  cure  of  sulphated  plates  by  decom- 
posing or  dissolving  the  white  sulphate.  This  is  not  often  used, 
as  a  cell  should  be  emptied,  thoroughly  washed,  and  fresh  electrolyte 
added  before  the  cell  can  be  used  again. 

Sulphating  not  only  reduces  the  capacity  of  lead  storage  bat- 
teries, but  also  uses  up  the  active  material  by  forming  a  scale  which 
falls  off  or  has  to  be  removed.     It  also  produces  the  following  trouble: 

Buckling,  or  warping  of  a  plale,  may  be  caused  by  loo  great 
expansion  of  the  active  material,  which  strains  the  ribs  of  the  con* 
taining  grid;  or  by  uneven  action  on  the  two  surfaces;  for  exam- 
ple, a  patch  of  white  sulphate  on  one  side  of  a  plate  will  prevent 
the  action  from  taking  place  there,  so  that  the  expansion  and  con- 
traction of  the  active  material  on  the  other  side,  which  occurs  in 
normal  working,  will  cause  the  plate  to  buckle.  This  might  be  so 
serious  that  it  would  be  impossible  to  straighten  the  plate  without 
breaking  or  cracking  it;  but,  if  taken  in  time,  it  may  be  accom- 
plished by  placing  the  warped  plate  between  boards,  and  subject- 
ing it  to  pressure  in  a  screw  or  lever  press.  Striking  the  plate  is 
objectionable,  because  it  cracks  or  loosens  the  active  material;  but, 
if  it  should  be  necessar>'  to  straighten  a  plate  when  no  press  is  avail- 
able, a  wooden  mallet  may  be  used  very  carefully,  with  flat  boards 
laid  under  and  over  the  plate.  Buckling  is  caused  by  an  excessive 
rate  of  charging  or  discharging,  as  well  as  by  sulphating. 

Ksintegration.— Some  of  the  material  may  become  loosened  or 
entirely  separated  from  the  plates,  as  a  result  of  various  causes. 
The  chief  of  these  is  sulphating,  which  forms  scales  or  blisters  that 
aic  likely  to  fall  off,  thus  gradually  reducing  the  amount  of  active 
material  and  the  capacity  of  the  cell.  Buckling  als(3  tends  to  dis- 
integrate the  plates.  Contraction  and  e.\pansion  of  tht?  active 
material  may  take  place  in  normal  working,  and  are  increased  by 
eicesave  rates  or  limits  of  charging  and  discharging.  This  con- 
stitutes another  cause  of  disintegration,  particularly  in  plates  of 
the  Faure  type,  containing  plugs  or  pellets  of  lead  paste.  The 
fragments  whidi  fall  from  the  plates  not  only  involve  a  loss  of  active 
material,  but  are  also  likely  to  extend  across  or  gativct  \k.Vw<:«s.  '^^ 
lies  and  cause  a  short  circuit. 
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The  positive  plates  are  far  more  susceptible  to  and  injured 
these  troubles  than  the  negatives.    The  former  are  also  more  ex- 
pensive to  make,  therefore  it  is  to  them  that  special  attention  should 
be  directed  in  the  management  of  storage  batteries. 

Short-Circuiting  may  be  caused  by  conditions  previously  stat( 
and  also  by  the  collection  of  sediment  at  the  bottom  of  the  coi 
(aining  cell.    The  short-circuiting  caused   by  the  dropping  in  of 
foreign  matter,  or  bridging  by  the  active  materials,  is  prevented 
by  the  use  of  glass,  rubber,  or  wooden  separators.    The  short-cir- 
cuiting of  plates  by  the  formation  of  sediment  is  prevented,  or  the 
chances  of  it  are  decreased,  by  raising  the  plates  so  that  they  clear 
the  bottom  of  the  containing  cell.     In  small  batteries  this  clear- 
ance is  about  an  inch;  in  large  celb  it  is  considerable,  being  about 
6  inches,  and  on  account  of  the  weight  of  large-sized  plates  they 
are  supported  at  the  bottom  by  glass  frames  running  lengthwi 
through  the  cell,  as  shown  in  Fig.  17-1. 

The  sediment  should  be  waldicd  carefully,-  and  when  it  reachi 
a  depth  iif  an  inch  or  more  at  llie  center  of  the  cells  it  should  be 
removed.  Tiie  usual  method  is  to  take  out  the  plates,  syphon  the 
electrolyte  oH'  carefully,  and  then  flush  out  the  tanks  until  all  the 
sediment  is  removed.  If  syphoning  cannot  be  resorted  to,  a  pump 
may  be  used,  either  of  glass  or  of  the  bronze  rotary  tj*pc. 

Troubles    from    Acid    Spray.  —  A    battery  will  give  off  occa- 
sional bubbles  of  gas  at  almost  any  time; 

^ -_i   but  when  nearly  charged,  the  evolution 

)  _       J  J     becomes  more  rapid.    These  bubbles,  as 
'  they  break  at  the  surface,  throw  minute 

particles  of  acid  into  the  air,  forming  a 
fine  spray  which  floats  about.  This 
spray  not  only  corrodes  the  metallic 
connections  and  fittings  in  the  battery 
room,  but  is  also  vcr>'  irritating  to  the 
throat  and  lungs,  causing  an  extremely 
disagreeable  cough.  Glass  covers  arc 
sometimes  placed  over  cells  to  prevca|H 
the  escape  of  fumes,  but  this  is  not  ad- 
visable as  the  glass  becomes  moist  am 
will  collect  dust,  thus  forming  a  conducting  surface  over  the  battel 
Attempts  have  been  made  to  do  away  with  the  spray  by  havii 
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an  oil  film  over  the  electrolyte,  but  this  interferes  with  the  use  of 
hydrometers,  and  sticks  lo  the  surface  of  the  plaics  when  ihoy  arc 
removed,  thus  increasing  the  resistance  when  they  are  replaced. 
Another  plan  consists  in  spreading  a  layer  of  finely  granulated  cork 
over  the  surface  of  the  liquid,  but  while  this  docs  not  interfere  with 
the  hydrometer,  it  makes  the  cell  look  diriy.  The  general  practice  is 
lo  depend  almost  entirely  upon  ventilation  to  get  rid  of  the  acid  fumes, 
in  fact,  even  forced  ventilation  is  used.  A  blower  forces  fresh  air  into 
the  room,  which  is  provided  with  a  free  exhaust.  In  connecting  up 
the  cells,  it  is  ad\'isable  to  use  lead-covered  copper  cables,  as  this  cover- 
ing protects  the  copper,  and  prevents  the  formation  of  copper  sails 
which  might  drop  into  the  cell  and  contaminate  the  electrolyte. 

The  Pixrity  of  the  Electrolyte  is  very  important,  and  great 
care  should  be  taken  lo  insure  it.  The  electrolyte  may  have  nitric 
acid  present  when  ''formed"  (Planl^)  plates  are  used,  and  some 
chlorine,  when  "ClUoride"  negatives  are  used.  In  addition,  iron 
may  be  present  due  to  the  water  or  acid,  if  the  sulphuric  acid  is 
made  from  iron  pyrites;  it  may  also  be  present,  owing  to  the  cor- 
rosion of  iron  fittings  near  the  cells,  some  of  the  scale  falling  into 
the  electrolyte.  Similarly  the  copper  salt  formed  from  the  con- 
nections by  corrosive  action  may  fall  into  the  cell.  Mercury  may 
also  be  present  due  to  the  breakage  of  hydrometers  or  thermometers. 
Other  foreign  substance  might  be  present,  but  those  named  are 
the  most  harmful. 

Nitric  acid,  even  in  exceedingly  small  quantities,  causes  disin- 
tegration, as  the  supporting  metal  gird  of  the  plate  is  destroyed. 

Clilorinc  has  a  similar  effect. 

Iron,  mercury,  and  copper  produce  local  action,  and  thus 
decrease  the  efficiency  and  ultimately  the  life  of  the  cells. 

The  eleclrolylc  should  be  tested  about  once  a  week  for  these 
impurities,  and  if  any  of  them  are  present,  it  should  be  drawn  off 
and  renewed.  When  rutric  acid  is  found,  it  is  advisable  to  flush 
the  cell  with  pure  water. 

TESTS  FOB  DETECTJira  tUPURITlEB  OT  THE  ELEOTROl^YTl!. 

1.  Test  for  Chlorine. — To  a  sample  of  electrolyte  in  a  ifsl-tulx?, 
add  a  few  drops  of  silver  nitrate  solution;  if  a  curdy  while  prwi- 
pitate  forms,  an  excess  of  ammonia  is  added,  and  if  this  dissolves 
the  precipitate,  chlorine  is  present  in  some  form. 
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2.  Test  for  Iron. — Iron  may  appear  in  one  of  two  formap 
namely,  ferrous  or  ferric  salts.  A  small  sami>le  is  taken  and  some 
concentrated  hydrochloric  acid  added  and  then  some  potas^um 
ferric  cyanide;  if  a  heavy  blue  ]>recipilate  forms,  ferrous  iron  Is 
present;  if  in  very  minute  quantities,  a  deep  blue-green  discolora- 
tion results.  H 

3.  Test  for  Ferric  Salts. — To  a  sample  add  some  ammonium 
thio-sulphale;    if  a  blixHl-red  sululiun  or  precipitate  is  the   resul 
ferric  iron  salts  are  j)resent. 

4.  Test  for  Copper.  —  To   a  sample  of  electrolyte  an   txt 
of  ammonium  hydrate  is  added;  if  a  blue  solution  is  the  result,' 
cop]x;r  is  present.     It   is   advisable  to  chcxk   the   lest   by   takin^^ 
another  sample  and  adding  some  potassium  hydrate  lo  it;    if  ^H 
blue  precipitate  is  formed  which  turns  black  upon  boiling,  it  is  addi- 
tional pniof  of  the  presence  of  copper. 

5.  Nitric   Acid   being  injurious  even    in  very  small   quantities. 

it  is  advisable  to  make  the  following  very  sen^tive  test:  Some  (^H 
phenylamine  in  concentrated  sulphuric  acid  is  added  tu  the  sample; 
if  a  blue  color  is  the  result,  nitrates  or  nitrites  arc  present. 

0.  Test  for  Mercury. — Mercur)'  may  be  present  in  two  forms, 
mcrcurous  or  mercuric  compounds.  The  mercurous  compounds 
give  a  black  precipitate  with  lime  water,  and  a  greenish  precipi- 
tate with  potassium  iodide. 

The  mercuric  compounds  give  a  yellow  precipitate  with  lime- 
water,  and  a  red  or  scarlet  precipitate  with  potassium  iodide. 
On  account  of  possible  difficulties  the  following  is  recommendc 

1.  Test  every  carboy  of  sulphuric  acid  before  using. 

2.  Concentrated  sulphuric  acid  should  not  be  kept  around, 
it  may  be  used  by  mistake,  which  would  ruin  the  plates. 

3.  Only  distilled  water  from  carboys  should  be  used  and  i 
from  barrels,  as  it  may  be  contaminated  by  the  organic  material. 

4.  Water  from  the  city  mains  should  never  be  used  unless  the 
amount  of  iron  it  contains  is  very  small.  jj™ 

5.  When  testing  with  hydrometer  for  acid  strength  the  batlerf^ 
should  be  fully  charged  and  tests  always  made  at  the  same  tern  f>trature, 
because  the  specific  gravity  of  the  electrolyte  falls  with  increase  ol 
temperature.    The  change  due  to  temperature  is  as  follows: 
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SPECinC   GRAVITY   OF  DILUTE 

SULPHURIC 

ACID. 

Temper- 
atura. 

1  30-  F. 

40"?. 

So"  F. 

60"  F. 

70"  F. 

8o«  F. 

90"  F. 

ioo«F. 

no"F. 

Sp.gr. 

I. 1593 
1.2096 
1.2620 
1.3090 
1.3630 
I. 4144 

1.156a 
1.3064 
1.2590 
1.3060 
1.3580 
1.4076 

^■1531 
1.3033 

1.3530 
1-3030 
1.3540 
1.4048 

I. 1500 

I.3000 

1.2500 
1.3000 
1-3500 

1.4000 

I. 1469 
1.196S 
1.2470 
1.3990 
1.3460 
1-3953 

1 . 1438 
1 . 1936 
1.3440 
I . 3940 
1-3420 
1-3904 

I . 1407 
I. 1904 
1.3410 
1.3910 
1.3380 
1-3856 

I. 1376 
1.1873 
1.2380 
1.2S80 
1.3340 
1.3808 

I- 1345 
I . 1840 
1.2350 
I .  sSijo 
1.3300 
1.3768 

Putting  the  Battery  out  of  Commission. — If,  for  any  reason, 
the  battery  is  to  be  but  occasionally  used,  or  the  discharge  is  to  be 
at  a  very  low  rate,  a  weekly  freshening  charge  to  full  capacity  at 
normal  rate  should  be  given.  It  frequently  happens  that  a  storage 
battery  is  put  out  of  commission  for  a  long  period  (for  instance, 
in  most  smnmer  or  winter  resorts  the  battery  may  be  used  for  less 
than  half  of  the  year).  In  such  cases  the  procedure  is  as  follows: 
First  the  battery  is  given  a  complete  charge  at  normal  rate,  then 
the  electrolyte  is  siphoned  oflE  into  carefully  cleaned  carboys  (as  it 
may  be  used  again),  and  as  each  cell  is  emptied  it  is  immediately 
rehlled  with  pure  water.  When  the  acid  has  been  drawn  from  all 
cells  and  replaced  with  water,  the  battery  is  discharged  until  the 
voltage  falls  to  or  below  one  volt  per  cell  at  normal  current;  when 
this  point  has  been  reached  the  water  should  be  drawn  ofiE.  In  this 
condition  the  battery  may  stand  without  further  attention  until  it  is 
again  put  into  service,  which  is  accomplished  in  the  same  manner 
as  when  the  battery  was  originally  started.  If  during  the  discharge, 
when  the  water  has  replaced  the  electrolyte,  the  battery  shows  a 
tendency  to  get  hot  (100°  F.)  colder  water  should  be  added. 
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CHAPTER     XXI. 


APPLXOATXONS  OF   STORAOB   BATTBRZSa. 


The  function  of  a  storage  battery  is  to  receive  electrical  energy 
at  one  time  or  place,  and  to  give  it  out  at  some  other  time  or  place. 
The  principal  uses  are  the  foUowiag: 

1.  To  furnish  portable  electrical  apparatus  with  encrg>'.  ^| 

2.  To  take  up  fluctuations,  and  thus  steady  the  voltage  an^^ 
current. 

3.  To  furnish  energy  during  certain  hours  of  the  day  or  night, 
and  thus  enable  the  generating  machinerj*  to  be  stopped. 

4.  To  aid  the  generating  plant  in  carrying  the  maximum  loi 
(peak),  which  usually  exists  for  only  an  hour  or  two. 

5.  To  make  the  load  on  engines  or  other  prime  movers  moi 
uniform,  by  charging  the  batter)'  when  the  load  is  light. 

C.  To  transform  from  a  higher  to  a  lower  potential  by  char^i 
the  cells  in  series,  and  discharging  them  in  parallel,  or  vice  versa. 

7.  To  subdi\-ide  the  voltage,  and  enable  a  multiple-wire  system 
to  be  operated  from  a  single  generator. 

8.  To  supply  current  from  local  centers  or  substations. 

9.  To  supply  current  lo  electrically  driven  vehicles.* 

10.  As  sources  of  current  in  telephone  and  telegraph  systems? 

11.  For  car-lighting  purposes. 

12.  As  sources  of  constant  potential  and  current  in  electrical 
laboratories.*  ^M 

Portable  Storage  Batteries.— ^T he  storage  hallery  is  practically 
the  orJy  means  of  supply  lor  portable  electric  lamps,  or  those  not 
connected  to  a  dynamo  even  when  they  arc  not  portable.  The 
primary  battery  is  cxpcjisive  and  troublesome  to  operate;  and  is  not 
commercially  successful  for  electric  lighting  or  power  when  more 
than  one  or  two  hundred  waits  is  required.     Nor  is  there  any  other 

*  AppUcatioo)  9. 10,  and  12  ore  not  described,  nol  being  included  in 
lighting." 
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satisfactory  primary  source  of  electrical  energy  except  a  generator 
driven  by  meclianical  power.  It  is  therefore  practically  essential 
to  adopt  storage  batteries  wherever  portable  electric  lamps,  motors, 
etc.,  arc  used  on  any  considerable  scale. 

The  various  manufacturers  furnish  fjortable  forms  of  storage 
:  for  cxami>lL-,  the  Gould  portable  battery  is  arranged  in  a 
jar,  tead-Iincd  box,  or  glazed  earthenware  jar,  over  which  is 
.ced  a  rubber  gasket,  and  then  a  wooden  cover  clamped  in  place 
by  U-shaped  straps,  passing  around  the  containing  vcsscL  For 
the  escape  of  gas  during  charging,  the  cover  has  threaded  holes 
which,  when  llie  battery  is  in  use,  arc  closed  with  hard-rubber  stop- 
pers. The  usual  number  of  cells  in  a  case  is  from  one  lo  five,  rated 
2  volts  per  cell. 

A  serious  objection  to  portable  storage  batteries  is  ihcir  great 
weight.  For  example,  a  standard  size  weighing  100  lbs.  yields 
5  amperes  at  10  volts,  or  50  watts  for  10  hours:  just  enough 
to  feed  a  IGC.P.  lamp.  The  total  discharge  is  500  watt  hours 
or  two-thirds  of  one  H.P.-hour.  The  special  forms  of  battery 
used  in  automobiles,  including  the  Edison  type,  give  about  twice 
this  output  for  the  same  weight.  The  weight  of  even  the  lighter 
types  is  almost  prohibitive  to  portabiUty  except  lor  automobiles,  rail- 
way train  lighting,  and  special  purposes. 

Portable  batteries,  for  example,  arc  used  for  feeding  small  motors, 
ps,  etc.,  for  medical  or  dental  purposes,  in  which  cases  their 
weight  is  not  a  serious  difiiculty  in  view  of  the  importance  of  the 
work  and  the  small  amount  of  energy  required.  Small  batteries 
are  employed  for  theatrical  lighting  cJTects,  being  carried  by  the 
rformcrs.  Storage  batteries  are  also  used  as  source  of  power 
drive  small  fan,  kinetoscope,  and  other  motors. 
Storage  Batteries  for  Preventing  Fluctuations  due  to  unsteadi- 
in  the  driving  p<iwcr  or  in  the  load,  as  with  elevalorSj  are  often 
led  successfully.  A  dynamo  driven  by  a  ga-s-engine,  for  exam- 
ple, may  vary  |)eriodically  in  spcea  because  of  the  cxplosi\M;  action 
of  the  ga.s  in  the  cylinder;  and  a  batlery  connected  in  parallel  with 
;c  d)*narao  will  have  the  effect  of  steadying  the  voltage.  A  storage 
tter)'  is  often  installed  in  connection  with  a  small  gas-  or  steam- 
engine  lighting  plant  to  enable  the  engine  to  be  slopped  for  a  cqr- 
<;iderable  portion  of  the  time,  and  thus  save  labor  am\  ■A\Xt'n,'C\ciT\, 
which  case  the  haUery  may  aJso  act  lo  prcvcnV  flucVuaXAona.     N. 
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windmill  clcctric-Ughling  plant  must  have  a  battery  or  other  means 

of  storing  energy,  not  only  to  clirai 
natc  fluctuations  in  speed  which 
are  continually  occurring,  but  also 
to  bridge  over  periods  of  calm 
weather. 

To  Furnish  Energy  during 
Certain  Portions  of  the  Day  or 
Night.  —  In  almost  every  electric- 
lighting  plant  there  are  long  pcriixls 
during  the  day  and  late  at  night 
when  the  number  of  lamps  lighted 
is  so  small  that  it  may  not  pay 
to  run  the  generating  machincn-. 
For  example,  Fig.  175  Is  a  load 
diagram  showing  the  weekly  output 
of  the  electric  plant  of  the  Astor 
Building  in  Kcw  York  Ciiy.  The 
generating  plant  runs  from  3  A.M. 
to  8  P.M.  each  day,  the  battery 
being  charged  from  3  a.m.  to 
I  II  A.M.;  and  when  the  generating 
«  jilant  is  shut  down  at  8  p.m. 
^  the  batlerj'  carries  the  entire  load 
■^  until  3  A.M.,  when  the  plint 
is  started  up  again.  SaturdajM 
m'ghts  the  plant  is  shut  down  at 
eight  o'clock,  and  the  battery  fur- 
nishes all  the  energy  needed  until 
three  o'clock  Monday  morning. 
This  enables  the  plant  to  be 
operated  by  two  gangs  or  shifts; 
practically  no  labor  being  required 
for  the  remaining  sc\*cn  hourSf 
as  the  batten,'  carries  the  load, 
the  machinery  is  stopped  entire! 
all  day  Sunday,  giving  a  stretch 
of  thirty-one  hours  once  a  week 
and  seven  hours  each  mg\vt  loi  deamngand  repairs-    In  a  hotel. 
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dence,  or  on  board  a  yacht  it  may  be  particularly  desirable  to  stop 

the  machinery  and  avoid  the  vibration  and  noise  during  the  night. 

Storage  Batteries  to  Aid  in  Carrying  the  Haximum  Load.— 

Asstune  in  the  case  of  the  load  diagram  shown  in  Fig.  176  that  the 
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generating  machinery  is  capable  of  supplying  8,000  kilowatts  and 
that  a  storage  battery  is  used  to  furnish  the  remaining  3,600  kilo- 
watts at  the  time  of  maximum  load,  that  is,  the  "peak"  of  the 
load  diagram.  This  simply  means  that  batteries  are  substituted  for 
a  certain  portion  of  the  machinery  plant,  and  the  question  is  whether 
or  not  the  substitution  is  of  advantage. 

The  first  cost  of  a  battery  for  a  given  rate  of  output  depends 
simply  upon  the  time  of  discharge.  It  usually  has  a  normal 
period  of  discharge  of  about  eight  hours,  at  which  rate  its  price 
to  furnish  a  given  number  of  watts  would  be  3  to  5  times  as 
great  as  that  of  the  equivalent  boilers,  engines,  and  dynamos 
combined;  but  if  the  time  of  discharge  is  reduced  to  about  two  or 
three  hours,  the  costs  are  about  equal,  and  with  a  still  higher  rate 
the  cost  of  batteries  would  be  less. 

As  a  matter  of  fact,  the  storage  battery  secures  other  advantages, 
so  that  the  total  gain  may  be  very  important.  For  example,  there 
is  a  reserve  supply  in  case  of  accident  and  the  load  may  be  made 
more  uniform,  as  v.ill  now  be  explained. 

Storage  Batteries  to  Maintain  Uniform  Load  oil  '&.tL^-i»%. — 
Steam-engines  are  veiy  inefficient  at  light  loads,  and  V\va  lasA  oVxca. 
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atuses  serious  losses  in  elcclric-lighting  plants.  Judicious  selec- 
tion (if  the  number  and  sizes  of  ihc  engines  enable  tlicm  lu  be  worked 
in  most  cases  at  a  considerable  fraction  of  their  full  capacity  nearly 
all  of  the  time.  Nevertheless  the  storage  battery  gives  greater  H 
flexibility  to  the  plant,  and  increases  the  economy  of  the  engines  by 
making  their  loads  still  more  uniform,  and  nearer  to  full  capacity 
while  they  are  running.  The  engines  can  thus  be  made  to  run  at 
ap|»mximalcly  full  load,  the  battery  being  charged  when  the  external 
load  is  light,  and  the  battery  taking  the  peak  of  the  load  when  it  ia 
heavy. 

Storage  Batteries  "Used  as  Transformers.  —  If  the  cells  of  a 
battery  are  arranged  in  series  while  being  rharged,  and  in  parallel 
for  discharging,  a  high  vitllage  will  be  n^quired  for  charging,  and  a 
low  voltagi!  will  be  given  uut.  The  amounts  of  energy  measured 
in  watt-hours  axe  the  .same,  less  the  loss  of  about  2o  per  cent  which 
always  occurs;  the  result  Is  similar  to  that  obtained  by  an  alternating* 
current  transformer  or  motor  dynamo,  but  is  less  cfTicient.    As  an 

tcxamplc  of  the  converse  arrangement  the  cciuipmcnt  at  the  Bro(»kIyn 
Navy  Yard  may  be  mentioned.  It  consists  of  250  small  cells  con- 
nected up  in  series-parallel  of  5  sets  of  50  cells  each  and  charged 
on  a  110- volt  circuit.  When  discharged  they  are  all  connected  in 
scries  and  give  about  500  volts,  but  with  small  current.  This 
equipment  is  used  to  furnish  500  volts  for  insulation  tests  of  cables, 
so  that  little  or  no  current  is  required. 

Storage  Batteries  Usid  for  Subdividing  Voltage. — ^The  most 
important  practical  case  is  that  in  which  a  dynamo  of  220  volts 
charges  a  batter)'  of  corresponding  potential,  a  three-wire  system 
being  supplied  from  the  battery,  the  neutral  wire  of  which  is  con- 
nected to  the  middle  point  of  the  battery  as  represented  in  Fig.  177. 
This  arrangement  avoids  the  necessity  of  running  two  dynamos, 
and  allows  the  battery  to  be  placed  in  a  substation  near  the  district 
to  be  supplied,  so  that  it  is  only  necessary  to  run  two  conductors  la 
that  point  instead  of  three. 

The  Hartford  Electric  Light  Company  was  one  of  the  first  in 
this  countr)'  to  intnKlure  the  mtidern  method  of  high-tension  trans- 
mission, with  low-tension  Ihrcc-wia'  distribution.  The  auxiliary 
storage  battery  usetl  with  this  equipment  consists  of  130  chloride 
cells  (65  on  a  side),  each  containing  31  negative  and  30  posili\-c 

plates,  each  15^X31  mcheSf  placed  in  lead-lined  tanks  measu 
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58JX21JX43|  inches.    Fig.  178  is  a  diagram  showing  the  general 
plan  of  the  system.    The  power  is  transmitted  10.8  miles  from 
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the  Famiington  River  Power  Station  to  the  Pearl  Street  Station,  in 
Hartford,  by  means  of  step-up  transformers,  a  10,000-volt  trans- 
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mission  line,  and  step-down  transformers  for  distribution.  From 
the  Pearl  Street  Station  to  State  Street,  a  distance  of  3,000  fes.t,  ^!c«. 
current  is  transmitted  at  2,400  volts,  at  wluch  \a\Xex  ^vaX,\>^  \a.«!;&Tv& 
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of  Step-down  transformers  and  rolary  converter,  the  storage  baTlery 
is  charged  and  the  current  distributed  over  a  low  tension  three-wire 
system. 

Storage  Battery  for  Substations. — The  plan  of  installing  bat- 
tery plants  at  local  centers,  charged  from  the  main  station,  enables 
one  conductor  to  be  saved  in  a  tluccwire  system,  as  already  staled. 
It  also  makes  it  possible  to  reduce  the  size  of  the  conductors,  because 
the  current  which  flows  over  them  can  be  kept  practically  constant, 
so  that  it  is  not  necessary  to  have  them  large  enough  to  earn'  the 
maximum,  which  may  be  several  times  the  average  value.  The 
generating  machinery  has  the  same  steady  load  as  If  the  battery 
were  located  near  it.  ^m 

An  excellent  example  of  the  storage  battery  substation  isS 
the  Bowling  Green  Plant  of  the  New  York  Edison  Company. 
While  acting  as  an  auxiliary  supply  to  the  general  system,  the 
batlery  also  takes  care  of  the  distribution  of  current  to  the 
extensive  installation  in  the  BowUng  Green  Building  itself.  The 
supply  of  current  to  charge  the  battery  is  taken  from  the  Duanc 
Street  Station,  about  a  mile  distant,  over  four  tie  feeders  equipiwd 
with  controllable  disconnective  switch-boxes  on  the  Bowker-Van 
VIeck  plan.  This  enables  them  to  be  used  as  tie  feeders  by  dis- 
connecting thcra  from  the  general  system  during  the  hours  of  light 
load,  and  as  distributing  feeders  during  the  hours  of  maximum 
load,  when  they  feed  current  into  the  system  fmm  each  end.  A 
considerable  saving  is  thus  efTcclcd  in  the  investment  because  a>stly  fl 
feeders  are  not  required  to  supply  the  maximum  load  to  a  distant 
part  of  the  system. 

This  installation  of  an  auxiliary  source  of  current  supply  in  tbe^f 
lower  district  makes  it  possible  lo  shut  down  the  generators  in  the 
Duane  Street  Station  during  the  hours  of  minimum  load,  the  supply 
of  energy  to  the  district  bel»w  8lh  Street  Inring  derived  from  the 
battery  plants  at  Bowling  Green  and  12th  Street  Stations,  supple- 
menletl,  If  dcsire<l,  by  the  supply  from  thu  20th  Street  Station  over 
the  tic  lines  to  the  12th  Street  Station,  whence  tlic  current  is  dis- 
tributed through  boosters  raising  it  to  the  required  potential,  over 
the  tic  feeders  to  the  Duanc  Street  Station  switchboard.  The 
battery-  and  operating-rooms  of  the  Bowling  Green  Station  arc 
located  in  the  sub-baseracnt  of  the  Bowling  Green  Office  Building. 
V'jtri/jed  hollow  tile  for  conduclAn^  the  feeder  cables  are  laid  under 
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the  battcr>'-room  floor,  which  consists  of  glazed  white  lilc.  Drains 
lo  carry  off  the  water  or  acid  run  in  the  aisles  between  the  cells  and 
lead  lo  small  cesspools  which  discharge  into  a  lead  drain-pipe. 

The  battery  comprises  150  Chloride  cells,  seventy-five  in  series 
on  each  side  of  the  three-wire  system.  The  cells  consist  of  wooden 
tanks,  40J  by  %\\  by  30^  inches,  trcate*!  with  an  acid-proof  paint 
and  lead-lined,  each  containing  14  positive  an<l  15  ncj»alive  plates 
15J  inches  wide  by  31  inches  high.     Each  tank  is  supported  on 
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Jtir  petticoat  porcelain  insulators  resting  upon  6- inch  glazed  tiles. 
The  plates  are  suspended  in  the  tanks  by  .shoulders  resting  upon 
heav>'  sheets  of  glass,  which  stand  upon  lead  saddles  in  the 
bottoms  of  the  tanks.  The  cells  are  connected  by  welding  the 
plate  terminals  to  lead  bus  bars,  no  mechanical  connections  being 
used. 

Twenty  of  the  end-cells  on  each  side  of  the  system  are  used 
for  regulating,  being  separately  connected  to  contact  points  on 
the  regulating  switches,  which  carry  movable  contacts  cn^vsAscA.  V^ 
a  screw.    The  potential  is  raised  or  Voweied  \>^  cxxVCvtv^  vcv  -ox  oa- 
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ting  out  the  regulating  cells.  Two  regulating  sw-ilchcs 
nccted  in  muliiple  on  the  positive  and  two  on  the  negative  side  to 
permit  of  discharge  at  two  potentials,  or  to  enable  the  battery  to 
be  charged  and  discharged  simultaneously.  The  conductors  be- 
tween llie  two  series  of  cells,  and  between  the  regulating  cells  and 
regulating  switches,  consist  of  copper  bars  3  inches  wide  by  J  inch 
thick,  supported  on  porcefain  insulators  resting  in  hangers.  The 
connections  of  this  equipment  arc  shown  in  Fig.  179. 

The  capacities  of  the  batlerj'  at  various  rates  of  discharge  are: 
2,01)0  amperes  per  side  for  1  hour;  1,000  amperes  per  side  for  3  hours; 
400  amperes  per  side  for  10  hours. 

Provision  has  been  made  in  the  bailer)'-room  for  the  installa- 
tion of  a  duplicate  battery,  to  be  placed  over  the  present  plant. 
The  booster  is  used  to  raise  the  voltage  from  that  of  the  system 
to  that  required  for  charging  the  battery.  The  booster  can  be 
used  also  to  raise  the  voltage  of  discharge  for  feeding  some  distant 
point  of  the  system  at  a  higher  potential  than  that  normally  required. 
It  consists  of  one  positive  and  one  negative  dynamo  at  each  end 
of  a  common  shaft  driven  by  two  motors.  Each  dynamo  has  a 
capacity  of  1,200  amperes  and  a  range  of  pressure  up  to  60  volts. 

Storage  Batteries  Used  for  Two  or  More  of  the  Above-named 
Purposes. — Each  of  the  different  uses  has  been  considered  separately 
to  avoid  confusion,  but  in  most  cases  the  storage  batter)-  is  adopted 
in  order  to  secure  several  advantages.  By  thus  combining  differ- 
.  ent  applications  the  plant  is  rendered  not  only  more  economical, 
but  also  more  flexible.  For  example,  the  batter)-  may  be  utilized 
to  help  out  the  generating  machincr)-  at  limes  of  hea\T  load,  or 
when  the  latter  is  partially  or  wholly  disabled.  It  often  happens 
that  it  is  difficult  to  produce  or  maintain  sufficient  steam- pressure, 
owing  lo  poor  draft  or  other  conditions,  in  which  event  a  battery 
enables  the  boilers  to  be  temporarily  relieved  of  some  or  all  of  the 
drain  upon  them  while  the  pressure  is  being  raised  to  the  proper 
point.  It  may  also  be  necessary  or  desirable  to  shut  down  the 
machinery  or  a  portion  of  it,  temporarily,  in  order  to  make  some 
repair  or  adjustment.  It  is  possible  to  feed  some  of  the  circuits 
from  the  battery  while  others  may  be  supplied  at  a  higher  or  lower 
voltage  by  the  machinery.  In  these  And  many  other  ways  the 
storage  battery  may  be  a  convenient  adjunct  to  an  electrical  sys- 
ton*    The  fact  that  it  is  so  T^6ica\\^  different  from  the  machinery' 
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in  its  nature  and  action  makes  it  unlikely  that  the  entire  plant  will 
be  crippled  at  one  time,  since  the  two  sources  of  current  arc  not 
exposed  lo  the  same  dangers.  An  accident  lo  Ihe  steam-piping, 
for  instance,  might  shut  down  all  llie  machinery,  but  probably  it 
would  not  affect  the  battery;  and,  itice  versa,  an  accident  lo  the 
latter  is  not  likely  to  extend  to  the  former. 

\s  an  example  of  this  application  of  the  storage  battery  to 
several  purposes,  the  following  case  may  be  cited: — 

The  power-house  of  the  Woronoco  Street  Railway  Company, 
in  Wcstficld,  Mass.,  contains  two  75-kilowatl  multipolar  genera- 
tors belted  to  two  120H.P.  high-speed,  simple,  non- condensing 
engines,  sleam  being  furnished  by  two  90-H.P.  relum-lubular 
boilers.  The  battery  consists  of  204  ' '  Chloride"  TyjK;  F-1 1  cells,  in 
glass  jars  of  Type  F-I3,  permitting  an  increase  of  20  per  cent  by 
the  addilion  of  one  pair  of  plates  in  each  cell,  and  is  installed  in  a 
small  brick  extension  to  the  power-house.  Thi;  cells  are  located 
in  one  tier,  each  ccU  being  supported  on  a  sand-tray  resting  on 
four  glass  insulators.  The  foundation  for  each  row  of  cells  con- 
sists of  two  stringers  of  wood  suitalily  braced  and  supported  on 
brick  piers.  This  battery  was  not  installed  as  a  voltage  regulator, 
the  feeders  being  so  designed  that  the  drop  on  the  Une  is  small. 

Due  to  lliL-  hatter)'  the  load  on  the  machinery  is  reduced  within 
the  capacity  of  one  unit,  leaving  the  second  one  as  a  reserve  in  case 
of  accident  or  unusually  heavy  load.  Without  the  battery  both 
machmcs  would  be  needed  nearly  all  of  the  time.  The  economy  of 
operation,  resulting  from  using  one  unit  instead  of  two,  is  shown 
by  the  following  station  records:^ 


Date,  iSuo. 

Lb((.C<«l. 

Output, 
Kw.-hn. 

Lta.  C««l 
p«r  Kw.-hr. 

Oct.  as-a? 
Oct.  aS 

16,350 
6,350 

3-03  a 
981 

5i6 
6.37 

k. 


This  shows  an  increase  in  the  coal  consumption  of  19  jicr  cent 
on  the  day  when  the  operation  of  the  battery  was  discontinued. 
The  plant  is  also  noteworthy  from  the  fact  thai  the  station  attend- 
ance is  reduced  to  one  man  i>er  shift,  the  engineer  doing  his  own 
firing.  This  arrangement  could  not  have  been  continued  under 
the  conditions  of  increased  load,  had  il  not  been  for  the  improved 
regulation  and  reduction  of  coal  handling,  and  Oiit  mcTK.^'=*A  \^- 
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ability  of  operation  secured  by  the  battery.    On  se^-cral  occasions 
the  battery  has  been  called  upon  to  carrj-  the  entire  load  of  the  sys-J 
Icm  for  an  hour  or  so,  during  a  temporary  shut-down  of  the  rest  of 
the  plant,  as  well  as  early  in  the  morning  or  late  at  night,  when  only 
one  or  two  cars  are  running. 

Storage  Batteries  for  Train  Illumination. — WTicn  cars  arc  lighted 
by  oil-  or  gas  lamps,  these,  owing  to  (heir  size,  and  the  heat  prtxluced 
by  them,  can  be  installed  only  in  certain  places,  so  that  the  dis- 
tribution of  light  is  not  general,  besides  which,  the  heat  and  odor 
given  off  by  the  lamps  are  objectionable.  The  inflammable  char- 
acter of  the  illuminants  involves  great  danger  of  explosion  or  fire  in 
case  of  a  train  wreck.  The  absence  of  these  disagreeable  and  dan- 
gerous features  in  electric  lighting,  is  what  has  made  its  application 
so  desirable  in  railway  service.  Several  methods  of  electric  iUu- 
minaticm  have  been  tried  for  this  ]>urpose.  In  one  of  the  Amplest  a 
small  dynamo,  on  the  locomotive  truck,  or  perched  above  the  boiler, 
is  driven  by  a  small  steam  turbine.  While  this  is  an  economical 
melliod,  il  has  the  objection  that,  when  the  locomotive  is  uncoupled, 
llie  cars  must  be  illuminiiled  by  some  olhcr  mtans.  ' 

For  this  reason,  the  storage- batter)'  system  of  supply  has  been 
adopled.  One  of  the  most  recc-nt  melhoils  is  the  "Axle  Light" 
System,  in  wluch  the  mechanism  is  suspended  from  the  bottom  of 
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the  car,  and  is  completely  incased,  so  as  to  be  dust-  and  water-proof. 
Il  comprises  a  small  dynamo  driven  from  a  pulley  on  the  axle  of 
ihc  car  by  means  of  a  friction  coupling.    The  dynamo  and  driving 
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mechanism  are  showTi  in  Fig.  180.  The  former  p|eneratcs  from 
32  to  40  voUs,  depending  upon  ihc  speed  of  the  train  provided  thai 
it  exceeds  15  miles  per  hour,  the  dynamo  being  then  automatically 
connected  to  the  battery  and  lamp  circuit.  An  automatic  devicg^  " 
rectifies  the  direction  of  current,  so  that  even  when  rotation  is  re- 
versed, the  battery  is  always  charged  in  the  proper  direction.  K 
variable  re^slance  in  series  with  the  field-coils  is  automatically 
adjusted  by  a  small  motor,  so  that  even  at  high  speed  the  normal 
limit  of  voltage  is  not  exceeded.  The  lamps  arc  16  CP.  at  30 
volts,  the  filaments  being  short  and  heav}',  so  that  they  are  not  in- 
jured by  vibration.  After  the  storage  battery  has  been  charged, 
it  acts  in  parallel  with  the  dynamo  and  avoids  fluctuations  in  \olt- 
age.  When  the  car  stops,  the  dynamo  is  automatically  cut  out  and 
the  full  supply  of  cuircnt  is  furnished  by  the  battery,  which  is  large 
enough  for  a  ten-hour  supply  at  full  load. 

Connection  and  Regulation  of  Storage  Batteries. — ^The  complete 
control  of  a  battery  in  an  elec trie- b'gh ting  plant  requires  provi  ion 
to  be  made  for  feeding  the  lamps,  etc.,  from  either  the  d\Tiamo  or 
battery  separately,  or  from  the  two  working  in  parallel;  and  it 
should  be  possible  to  charge  the  battery  at  the  same  time  that  lamps 
are  being  supplied.  To  accomplish  these  results  requires  three 
switches, — one  to  connect  the  battery  to  the  dynamo,  one  to  conned 
the  lamps  to  the  dynamo,  and  one  to  connect  the  lamps  to  the  bat 
teiy.  In  some  plants  the  second  switch  is  omitted,  because  the 
lamps  are  always  fed  by  the  batterj-  alone,  the  latter  being  chargctl 
during  the  day,  when  no  lamps  are  in  use.  However,  it.  is  desirable 
to  have  all  three  switches  in  evcrj-  plant  in  order  to  be  able  to  su]>- 
ply  lamps  and  charge  the  battery  at  any  time.  In  the  battery  cir- 
cuit there  should  be  an  ammeter  having  a  scale  on  both  sides  of 
zero,  so  that  it  shows  whether  the  bailer)'  is  being  charged  ur  div 
charged,  as  well  as  the  value  of  the  current.  Another  similar  am- 
meter is  required  in  the  circuit  between  the  djTiamo  and  the  battery, 
to  show  the  direction  and  amount  of  current.  A  tliJrd  ammetL-r  is 
desinible  in  the  lamp  circuit,  to  sh<iw  the  total  current  supplied  to 
the  lamps;  but  it  need  only  indicate  on  one  side  of  zero,  since  the 
current  there  always  flows  in  the  same  direction.  A  voltmeter  is 
required  with  a  three-way  switch  to  connect  it  to  the  dynamo,  bat- 
ter)', or  lamps  respectively. 

An  automatic  overload  switch  mtist  be  inserted  Vu  \!c\a  WWcr^ 
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circuit  SO  as  to  open  or  introduce  resisUincc  into  the  circuit  when 
the  current  becomes  excessive.  An  automatic  cut-out  is  required 
between  tlie  dynamo  and  the  batterj'  to  open  the  circuit  when  tlic 
charging  current  falls  below  a  certain  value,  and  thus  avoid  any 
danger  of  tlie  battery  discharging  through  the  dynamo,  if  from 
any  cause  the  E.M.F.  of  the  latter  drops  below  that  of  the  former. 
This    cumpletes    tlie    ordinary    measuring    and    circiut-controUIng 
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apparatus  employed  in  connection  with  storage  batteries.  The 
arrangement  is  shown  diagram  ma  tically  in  Fig.  ISl,  in  which  .4 
and  .1'  arc  the  two  ammeters,  the  third  one  being  omitted  ia 
this  case;  V  is  the  voltmeterj  E  the  voltmeter  switch  to  connect 
to  the  dynamo,  battery,  or  lamps  as  desired;  G  the  bus  bars;  /., 
lamps;  D,  dynamo;  /?,  rheostat  in  field-circuit  of  dynamo. 

The  regulating  device  consists  of  eleven  end-cclU,  which    are 
connccled  to  corresiwinding  contacts  on  the  end-cell  switches  (Fig. 
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The  regulation  of  storage  batteries  is  one  (if  the  most  trouble- 
some matters  involved  in  their  praciical  use.  Tills  arises  from 
the  fact  that  the  voltage  falls  continually  from  the  beginning  to 
the  end  of  discharge.  To  be  sure,  llus  decline  is  gradual;  but  its 
total  value  is  large,  being  from  about  2.2  to  about  1.8  volts,  which 
is  a  decrease  of  over  IS  per  cent. 

In  order  to  maintain  a  constant  voltage,  the  usual  plan  is  to 
have  a  number  of  extra  cells,  which  are  successively  switched  into 
circuit  as  the  potential  fails.  These  reserve  cells  and  the  switches 
which  control  them  are  represented  in  Fig.  181.  The  contact 
pieces  of  these  switches  must  be  made  in  such  a  way  that  they  do 
not  short-circuit  the  cells  as  they  pass  from  one  point  to  vKc  wt-^x. 
This  is  accomplished  bv  splitting  the  movabVe  conVacX  to\s>  vko 
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parts,  between  which  a  certain  amount  of  re»stance  is  introduced, 
so  that  when  the  two  parts  tiappen  to  rest  on  two  adjacent  contact 
points,  the  resistance  prevents  the  cell  whirh  is  connected  to  ih 
two  poinis  from   being  sliorlcircuiled,   and  also  avoids  breaki 
the  circuit. 

The  number  of  extra  cells  depends  upon  the  conditions;    for 
110  volt  lamps^  it  would    require  51  cells  to  obtain   112.2  vol 
when  fully  charged  and  giving  2.2  volts  each,  assuming  the  dro 
on  the  conductors  at  2  per  cent.     When  the  battery-  becomes  di; 
charged,  and  its  potential  falls  to  1.8  volts  per  element,  10  addi 
tional  cells  or  61   in  all,  would  be  needed.    These  would  yi 
111.8  volts,  assuming  the  average  potential  of  the  rcsenx*  cells  to 
be  2  volts,  since  they  have  not  been  discharged  to  the  same  extc 
as  the  original  batterj-.     If  the  drop  on  the  conductors  ts  10 
cent  of  the  lamp  voltage,  the  potential  at  the  battery  will  have 
be    110+11  =  121.    This    will   necessitate    4   more   elements, 
a  total  of  65  when  the  51  original  cells  arc  fully  discharged  to  I. 
•volts,  and  the  14  extra  cells  give  2  volts  each. 

For  a  three-wire  system  the  above  figures  should,  of  cou 
be  doubled.    This  switching  of  extra  cells  into  and  out  of  the 
circuit   obviously    results    in    discharging    ihcm    unequally,    bene 
ihey  require  to  be  charged  to  a  corresponding  e.\tenl.    This 
accomplished  b^successively  cutting  the    cells  out  of    circuit 
soon  as  they  'bf^hie  fully  charged,  the  last    cell  which  was    put 
into  the  circuit  being  fully  charged  in  the  shortest   time,  and 
on.    The  amount  of  charge  is  determined  by  the  methods  aln.-ad; 
given.     If  the  cells  employed   are  not   injured  by  overchargini 
they  may  be  left  in  circuit  until  the  entire  baitcr\*  is  fully  charge 
This  saves  the  trouble  of  operating  the  switch;    but  it  is  waslefu 
of  energy,   since   the  full  counter   EM.F.  and   resistance   of   the 
charged  cells  must  be  overcome,  which  requires  about  2.5  \"olls 
per  clement.    The  switches  might  be  operated  automatically 
a  voltage  regulator  or  by  clockwork. 
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The  variation  in  E.M.F.  which  occurs  in  batteries  renders 
somewhat  difficult  to  regulate  the  generators  employed  to 
them.    A  constant  potential  will  give  a  decreasing  rate  of 
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ing  to  the  gradual  rise  in  counter  E.M.F.  This  is  advantageous, 
in  that  il  enables  the  ctlls  to  receive  a  larger  charge,  but  the  increase 
in  their  voltage  is  so  great  that  it  is  practically  necessarv'  to  regulate 
e  charging  potential.  In  practice  it  is  customan,-  to  maintain 
e  charging  current  approximately  constant  for  considerable 
periods  of  time,  otherwise  it  would  be  difficult  to  determine  the 
quantity  of  cnei^'  put  into  the  battery  and  its  efficiency.  When 
extra  cells  arc  used  they  facilitate  the  regulation  of  the  generator, 
because  they  arc  gradually  cut  out  as  the  E.M.F.  rises. 

If  the  lamps  are  supplied  at  the  same  time  that  the  battery  is 

King  charged,  some  provision  must  be  made  for  the  fact  that  it 

necessar)'  for  the  voltage  of  the  dynamo  to  be  considerably  higher 

an  that  rcfjulrcd  by  the  lamjjs.     One  plan  is  to  have  two  sepa- 

le  switches  connected  to  the  reserve  cells,  as  shown  in  Fig.  ISl, 

c  charging  current  from  the  rlynamo  Ijcing  led  in  through  one, 

,nd  the  current  for  the  lamps  passing  out  through  the  other,  so 

at  the  potential  can  be  independently  controlled  in  the  two  cir- 

its.     Another   meth(Ml   is  to   insert   counter  E.M.F.  cells   (with- 

t  active  material)    in  the  circuit   between  the  dynamo  and  the 

ps,  in  order  to  bring  down  the  voltage  of  the  former  to  suit 

the  latter.    The  number  of  th^^sc  cells  is  varied  in  accordance  with 

the  excess  of  the  (miential  of  the  generator. 

Simple  resistance  coils  may  be   used   in   place  of  the  counter 
.M.F.  cells  lo  reduce  the  pressure;    but  the  c«re  have  the  great 
antage,    that    they   have   an    effect    practically    indei>en(lent    of 
nations  in  current.    AU  of  these  methods,  however,  involve  waste 
of  power,  the  value  of  which  in  watts  is  the  product  of  the  cur- 
rent in  aminres,  and  the  number  of  volts  by  whicli  the  potential 
is  cut  down.     In  small  plants  this  loss  is  not  serious,  but  in  large 
lants  or  central  stations  it  may  become  large. 

Booster  Methods  of  Regulation,— The  best  plan  is  to  make  use 
of  a  "b<K>ster";  in  which  case  the  main  dynamos  are  run  at  the 
proper  voltage  to  supply  the  lamps  directly,  and  the  additional  pres-  \ 
sure  re<|uircd  to  charge  the  batterj'  is  furnished  by  the  booster. 
This  is  connected  in  series  with  the  dynamos,  being  inserted  in  a 
rcuit  between  the  latter  and  the  battery. 
When  a  battery  is  placed  at  the  end  of  a  long  feeder  to  com- 
,te  for  line  drop,  and  at  light  loads  to  act  as  a  storage  reservoir, 
is  not  usual  to  equip  this  "floating  batter^'"  wivK  axv^  tt^vA^'Cvc*,^ 


Hdv: 


421 


EIMCTRIC  LIGHTING. 


device.  In  such  cases  the  ba(tcr>'  is  simply  connected  across  ihc 
line,  and  the  charge  and  discharge  are  determined  by  the  feeder 
drop.  For  instance,  when  a  small  load  is  on  the  line,  the  drop  is 
small,  and  the  [Hilenlial  applied  across  the  batter)-  terminab  is 
high  enough  to  send  a  charging  current  inio  the  battery.  When 
the  load  on  the  line  increases  the  drop  naturally  increases,  the 
pressure  at  tlit;  end  nf  the  line  falls,  and  if  it  falls  below  the  balter>- 
voltagc,  the  ballerj'  discharges  in  parallel  with  the  generator,  and 
carries  a  certain  portion  of  the  load.  The  "floating  batter)""  has 
the  advantage  of  simplicity,  and  acts  immediately,  as  it  does  na^| 
have  the  time  lag  present  in  apparatus  dcjwnding  upon  changes  ii^* 
magnetization.  Usually  the  variations  in  voltage  and  fluctuations 
in  load  arc  too  great  for  successful  operation  of  a  floating  battery 
on  any  but  an  electric  railway  or  jiowcr  circuit,  and  a  booster  would 
be  required  if  incandescent  lamps  be  a  part  of  the  load. 

The  duty  of  a  booster  is  to  vary  the  voltage  at  the  battery  t 
minals  with  variation  in  load,  causing  charging  or  discharging 
current  as  conditions  may  require.     The  Ijoosler  is  an  auxilia 
dynamo,  the  K.M.F.  of  whith  is  used  to  raise  or  lower    the  vnlta 
in   the  battery  circuit.    These  machines  arc  classified  as  sen 
shunt,  compound,  ditTtTcntlal  and  constant  current  boosters. 

The  Shunt  Booster  is  a  shunt  dynamo,  driven  by  any  source 
of  power,  having  its  armature  circuit  in  scries  with  the  line  from 
generator  to  bafferj-.    This  form  is  used  in  plants,  where  the  bat* 
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tery  is  not  designed  to  take  up  load  fluctuations,  but  is  in  service 
oj7i>-  to  czTTy  the  peak  of  the  load,  being  charged  during  periods 
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of  light  load,  and  discharged  in  parallel  with  the  generator.  It 
acts  to  increase  the  voltage  applied  to  the  battery  so  that  the  charg- 
ing current  will  flow  into  the  latter.  As  a  rule  the  ixiltery  used: 
in  conjunction  with  a  shunt  booster  is  made  large  enough  to  carry 
the  entire  load  during  the  light  load  period.  As  the  battcr>'  dis- 
charges and  its  voltage  drops,  the  "end  cells"   (regulating  cells) 
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fif.  164.    Dfagratn  of  Shunt -Bectttr  Cwintctlona. 

are  cut  in  and  the  proper  voltage  maintained.  Fig.  1S3  is  a  load 
diagram  to  which  this  system  is  applicable,  and  Fig.  184  shows  the 
oinnections.    A  rheostat  is  used  to  vary  the  booster  voltage,  so 

to  hasten  the  charging  of  the  batter)-  if  desired.  Tt  is  to  be  noted 
hat  the  shunt  booster  is  not  applicable  where  there  are  sudden 
tluctuations  llial  are  great  compare*!  with  the  ra[)acily  of  the  gene- 
rator, and  thai  it  is  not  automatic  in  changing  from  charge  to  dis- 
chai^,  the  switching  being  performed  by  hand. 

Series  Booster.— The  connections  are  like  those  of  the  shunt 
booster  with  the  battery  and  booster  in  series  atTo.ss  the  line,  but 
the  field  of  the  booster  being  in  scries  with  the  battery  circuits,  its 
EM.F.  is  zero  when  no  current  is  flowing  in  or  out  of  the  battery. 
Should  the  voltage  of  the  line  rise,  due  to  a  decrease  of  load,  and  a 
charging  current  flow  into  the  batterj-,  the  E.M.F.  of  the  booster 

uld  increase,  and  thus  tend  to  increase  the  rate  of  charge.  The 
verse  occurs  when  the  battery  di.scharges,  as  an  increase  of  load 
on  the  line  increases  tlie  current  through  the  scries  fichi  of  the 
booster,  thus  raising  the  voltage  of  discharge  so  that  the  battery 
carries  a  larger  part  of  the  load. 
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This  booster  acts  to  compound  the  batten*  on  discharge,  an' 
tends  to  maintain  a  constant  voltage  on  the  line.  It  depends  on 
the  fact  that  the  generator  voltage  falls  when  the  load  increases; 
hence  it  is  usetl  with  a  shunt  generator  or  equivalent  source  of 
supply.  This  system  is  applicable  to  power  but  not  to  incandescent 
lighting  purposes,  being  similar  in  operation  to  a  "floating  baitcr>'. 
It  is  not  as  extensively  used  as  the  compound  and  differential  boost 
arrangements  which  give  better  regulation. 

Compound  Booster, — This  system  is  used  on  railway  and  power 
circuits  with  great  fluctuations  in  load^  the  battery  acting  to  prevent 
excessive  drop  and  to  assist  the  generating  machinery  in  carrj-ing 
the  load,  relieving  it  from  the  slmin  of  sudden  rushes  of  current. 
The  connections  are  indicated  in  Fig.  185,  and  the  operation  is  as 
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follows: — Under  norma!  load  conditions  the  shunt  field  Fh  of  the 
booster  creates  an  KAf.F.  in  the  same  direction  as  the  battery, 
tending  to  discharge  it.  Calling  Eg  the  E.M.F.  of  the  generator, 
£<,  the  booster  E.M.F.  and  Ef,  the  baiter)-  E.M.Fy  we  have  E^  =  E 
E^  when  no  current  is  flowing  into  or  out  of  the  batter)'.  In  thi 
case  the  generator  carries  the  whole  external  load.  If  the  lo; 
increases  E^  decreases,  so  that  Ea-hE^  is  greater  than  Eg,  and  ih 
battery  begins  to  discharge.  In  discharging,  the  current  passes 
through  the  scries  field  Fs  of  the  booster  and  produces  a  propor- 
tional E.M.F.,  acting  with  the  shunt  field  to  raise  ^a.  thus  incrcasi 
the  batter)'  discharge  and  shifting  more  of  the  load  from  the  gen 
alor,  until  the  system  becomes  balanced. 

If  the  load  on  the  external  circuit  be  light,  the  generator  vol 
Eg  rises  and  curn;nt  flows  into  the  battery.     In  this  case  the 
field  ads  against  the  shunt  field  and  decreases  E^,  so  that  the  gen- 
erator N-ollage  is  greater  than  booster  and  battery  voltage  combine 
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rihus  increasing  the  rale  of  charge  of  the  batter}',  until  the  load 
causes  the  generator  vohage  to  drop  to  normal  aJid  the  system  is 
again  balanced.  The  batten'  and  booster  can  be  placed  at  the 
power  house  or  where  the  greatest  drop  is  likely  to  occur. 

As  this  system,  like  the  series  booster,  depends  for  its  action 
ipon  the  drop  of  voltage  with  increase  of  load,  it  is  only  applicable 
fto  shunt-wound  genenitors. 

Differential    Boosters. — The    differential    booster   system    most 
commonly  used  is  shown  in  Fig.  186.     The  compensating  field- 
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coil  S,  opposes  the  shunt  coil  F  and  prevents  the  variation  of  the  bat- 
tery E.M.F.  from  disturbing  the  equtlibrium  of  the  system.  If 
the  batten,*  E.M.F.  be  lower  than  normal  it  will  not  discharge 
rapidly  enough  to  relieve  the  generator  from  overload  fluctuations, 
unless  the  booster  E.M.F.  be  increased,  and  the  generator  will 
therefore  have  to  supply  a  current  greater  than  normal.  If  a  current 
greater  than  normal  flows  through  5,,  the  effect  of  the  shunt 
coil  F  opposed  by  the  series  coil  5,  is  decreased,  and  the  scries  coil 
5j  acting  in  the  same  direction  as  5,  causes  a  higher  booster  E.M.F. 
tending  to  discharge  the  battery,  and  thus  brings  down  the  generator 
load  to  normal.  Should  the  baltL-ry  E.M.F.  be  above  its  normal 
ralue,  the  battery  would  discharge  too  rapidly  and  carry  more 
than  it.s  share  of  the  load;  in  this  case  i*'— 5,  is  greater  than  it 
should  he,  and  the  booster  E.M.F.  causes  the  load  to  become  evenly 
distributed  between  the  battery  and  generator. 

In  operating  this  system  the  varj-ing  load  must  be  beyond 
^thc  booster  equipment.  The  coils  5,  and  5,  may  be  temporarily 
^short-circuited  so  that  the  batter)'  may  be  charged  more  rapidly. 

Constant-Current  Booster.  —  In  systems  having  short  lines 
and  small  drop  it  is  often  desirable  to  have  the  voUa^ft  \a!\  otv  %\)A&.w\ 
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application  of  an  overload,  so  that  the  rush  of  excessive  current 
prevented.    This  rush  of  current  occurs  in  buildings  where  cic\-alor 
and  other  motors  constitute  a  large  part  of  the  load,  and  to  prevent  ita 
the  constanl-currcnt  booster  Is  used.  I 

In  this  system,  represented  in  Fig.  187,  the  main  current  passes 
through  the  armatiue  and  series  field  of  the  booster,  but  does  not 
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reverse.    The  voltage  impressed  on  a  fluctuating  load  of  motors"on" 
the  right  is  greater  than  that  impressed  on  a  non-fluctuating  load,^ 
of  lamps  on  the  left,  by  the  amount  of  the  booster  voltage.  fl 

The  shunt  coil  F  of  the  booster  creates  an  E.M.F.  in  the  same 
direction  as  the  generator  E.M.F. ,  while  the  series  coil  F  opposes 
it.  Should  a  load  come  on  ihe  motor  portion  of  the  circuit,  the 
generator  sends  a  greater  current  through  the  series  coil  F^  which 
reduces  the  booster  E.M.F.  in  direct  proportion  and  causes  it  to 
vary  inversely  as  the  motor  load,  thus  lending  lo  maintain  an  almost 
constant  current  delivery  from  the  generator.  The  battery  will 
furnish  power  to  both  the  lights  and  motors,  at  periods  of  light  load, 
without  Ihe  grnerator,  if  the  generator  switch  is  opened  and  the 
booster  short-circuited  by  closing  switch  5j.  The  switch  5,  is  closed 
in  charging  the  battery,  as  the  rate  of  charge  can  be  controlled  by 
var)fing  the  shunt  field  resistance  R.  This  is  often  done  when  the 
batier)'  has  btun  ciirrying  a  heavy  load  for  some  lime  and  the  re- 
charging must  be  hurried. 

The  fultowing  an:  the  most  important  books  relating  to  stoi 
batteries,  the  last  three  being  recent  and  the  others  historical: 

Kecherckes  sur  VEJtctriciU,  by  Gaston  Plants,  Paris,  1883. 
The  Storage  0/  HetirU  Energy,  a  iranslalloD  of  the  above  by  P.  B.  £lweU» 
LoodoD,  1887. 
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rA«  Chemistry  0}  Secondary  Batteries,  by  Gladstone  and  Tribe,  London, 
1883. 

Piles  Electriques  et  Aceumulateurs,  by  Emile  Reynier,  Paris,  1884. 

The  Voltaic  Accumulator,  a  translation  of  the  above  by  J.  A.  Beriy,  London, 
1889. 

TraiU  des  Piles  Electriques,  by  D.  Tommasi,  Paris,  1889 

Secondary  Batteries,  by  J.  T.  Niblett,  London,  1892. 

The  Voltaic  COl,  by  Park  Benjamin,  New  Yoric,  1893. 

EledTiC  light  Installations,  vol.  i.,  Management  of  Accumulators,  by  Sir 
D.  Salomons,  Seventh  Edition,  London,  1894. 

The  Storage  Battery,  by  A.  Tieadwell,  Jr.,  N.  Y.  and  Lond.,  1898. 

The  Lead  Storage  Battery,  by  D.  G.  Fitzgerald,  London,  1900. 

Secondary  Batteries,  by  £.  J.  Wade,  N.  Y.  and  Lond.,  1902. 

Storage  Battery  Engineering,  by  Lamar  Lyndon,  New  Yo^,  1903. 
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SWITCHBOARDS. 
mCLDDINO   aWlTCU£8,    FUSES.   AND    CIRCUIT-BREiAKERS. 

Various  electrical  conductors  and  apparatus,  such  as  switches, 
measuring  instruments,  and  other  auxiliarj'  devices,  are  required 
to  connect  and  control  the  different  dynamos  and  circuits  in  an 
electric-lighting  plant.  These  might  be  considered  to  be  mere 
details  of  the  system,  bnt  they  constitute  a  branch  of  the  subject 
which  is  by  no  means  insignificant. 

Station    Conductors.  —  Electrical    conductors    which    conned 
the   dynamos    with   the    switchboard,    and    other    conductors    in 
the  dynamo-room,  may  be  arranged  according  to  three  differentj 
plans :  — 

1.  They  may  run  overhead  as  aerial  lines. 

2.  They  may  be  carried  along  the  walls  or  ceiling. 
8.   They  may  be  laid  under  the  floor. 

All  three  of  these  plans  are  commonly  used,  and  the  prefer-^ 
ence  would  depend  upon  circumstances. 

1.     Overhead  station   condiutQrs   possess    the    advantages 
cheapness,  shortness  of  path,  and  accessibility  for  inspection  and 
repair ;  any  short-circuit  or  ground  could  be  instantly  seen  and 
removed,  whereas  it  might  occasion  great  uncertainty  and  delay^ 
in  the  case  of  conductors  placed  under  the  floor.  | 

Overhead  conductors  in  the  dynamo-room  may  consist  of  rod* 
of  cop|ier  of  circular  or  rectangular  cross-section,  and  may  be 
bare,  provided  the  potential  is  not  over  300  volts.  In  the  case  of 
high-tension  conductors  of  1,000  volts  or  more,  they  should  befl 
covered  with  insulating  material,  to  prevent  accidental  contact 
with  persons,  or  with  wires  or  other  conductors  which  might  fall 
across  or  touch  them.  These  conductors,  whether  insulated  or 
bare,  arc  supported  by  suitable  rods  or  brackets.  One  of  the 
simplest  and  neatest  arrangements  consists  of   an  iron  or  brass 
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pipe,  screwed  into  a  flange  or  socket  in  the  ceiling,  and  provided 
with  a  ring  or  strap  at  its  lower  cmi,  which  is  lined  with  an  insu- 
lating bushing  of  porcelain  or  hard  rubber,  through  which  the 
conductor  passes. 

■  2,  Cofuiuctors  laid  along  the  walls  or  ceiling  are  similar  in  char- 
acter and  arrangement  to  those  just  described,  and  are  often  more 
easily  supportetl :  a  simple  porcelain  insulator  attached  to  the  wall 

I  being  usually  sufficient,  and  applicable  alike  to  high-  or  low-tension 
conductors.     Low-potential  wires  may  he  laid  in  molding  or  inte- 
rior conduits,  similar  to  ordinary  house-wiring  ;  but  in  the  station 
it  is  often  desirable  to  have  the  main  conductors  visible  and  acces- 
sible, even  though  they  may  be  somewhat  unsightly,  and  this  last 
objection  can  be  largely  avoided  by  neat  arrangement. 
^B      3.    Conductors  hid  under  the  jloor  have  the  atlvantage  over 
^^ither  of  the  preceding  plans  that  the  wires  are  entirely  out  of  the 
way ;  and  tftis  is  an  especially  imjwrtant  matter  in  large  plants, 
^■whcre  an  overhead  traveling  crane  is  almost  a  necessity  for  hand- 
ling the  dynamos  and  other  machinery.     Overhead  conductors,  or 
even  those  carried  to  the  .sidu  walls,  are  decidedly  in  the  way  of  a 
traveling  crane,  and  interfere  seriously  with  the  great  convenience 
which  it  affords  in  handling  heavy  machines  or  parts. 

The  placing  of  the  wires  under  the  floor  also  gives  a  clearer 
and  neater  appearance  to  the  station.  They  have  the  disadvantage 
of  inaccessibility  already  mentioned,  and  also  the  liability  of  becom- 
ing wet  when  the  floor  is  washed.  The  first  difficulty  is  overcome 
by  providing  a  sixrcially  made  trough  or  conduit  in  the  floor,  the 
cover  of  which  is  flush  with  the  latter,  and  is  made  in  convenieat 
lengths  to  be  easily  taken  up  for  examining  or  repairing  the  con- 
ductors. Wires  under  the  floor  should  have  a  first-class  moisture- 
-proof insulating  covering,  so  that  they  would  not  be  short-circuited 
^fer  grounded,  even  if  submerged  in  water. 

In  case  there  is  another  story  or  space  below  the  dynamo-room, 
the  conductors  can  be  run  down  through  the  floor,  and  carried 
^ong  below  on  porcelain  insulators,  like  the  ceiling  conductors 
^ready  mentioned. 

Since  so  much  depends  upon  the  i>erfect  insulation  and  con-l 
tinuity  of  these  conductors,  the  greatest  care  should  be  exercised 
ill  laying  them,  so  that  they  are  a  sufficient  distance  apart  at  all 
l>oints,  and  do  not  run  too  near  any  gas-  or  \v3X«-'^\^/YtQi'c\.\«axa.» 
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brick  or  stone  walls,  or  other  body  which  might  ground  or  other- 
wise injure  them.  Where  it  is  necessary  for  them  to  pass  through 
a  wall,  partition,  or  floor,  they  should  be  insulated  with  a  tube  of 
pttrcclain  or  other  suitable  material. 

All  conductors,  including  those  which  connect  the  dynamos 
with  the  switchboard,  as  well  as  the  'bus  bars  or  wires  used  for 
connecting  the  various  switches,  instnmicnts,  etc.,  should  be  of 
ample  size  to  be  free  from  overheating  and  excessive  loss  of 
voltage.  It  is  not  uncommon  to  find  a  drop  in  pressure  of  two 
per  cent  or  more  between  the  generators  and  the  switchboard. 
This  should  be  reduced  to  one,  and  preferably  to  one-half,  per 
cent,  because  it  interferes  with  the  proper  regulation  of  the  ap- 
^xiratus,  and  adds  to  the  less  easily  unavoided  drop  on  the  dis- 
tributing  conductors. 

This  subject  belongs  more  properly  under  electrical  distribu- 
tion ;  but  it  may  be  staled  as  a  general  rule  that  these  conductors 
should  have  a  cross-section  of  at  least  one  square  inch  per  i,ooo 
amperes. 

Switchboards.  —  In  many  of  the  early  electric-lighting  plants 
the  switchboards  were  made  entirely  of  wood  ;  but  so  much  trouble 
was  caused  by  fire  and  short-circuits,  that  some  non<orabustible 
material  is  now  considered  almost  essential.  One  of  the  best  of 
these  is  marble ;  since  it  is  a  good  insulator,  is  not  hygroscopic, 
has  a  fine  appearance,  is  not  affected  by  any  reasonable  tempera- 
ture, and  can  be  obtained  free  from  conducting  veins,  the  last 
named  being,  in  the  case  of  slate  switchboards,  a  source  of  great 
trouble.  Slate  has  been  extensively  used  for  switchboards ;  and 
where  it  can  be  obtained  free  from  the  conducting  veins  just  men- 
tioned, it  is  an  excellent  material,  since  it  is  considerably  stronger 
and  tougher  than  marble.  It  is  often  "  marbleized  ; "  that  is, 
treated  in  such  a  way  as  to  fill  the  pores,  and  thus  prevent  the 
absorption  of  moisture,  and  at  the  same  time  make  an  imitation 
marble,  which  it  is  almost  impossible  to  distinguish  from  the  real 

Switchboards  composed  of  glass  plates  or  earthenware  tiles 
have  also  been  used  with  good  results,  white  glazed  tiles  being 
particularly  well  suited  to  this  purpose.  Wood  should  not  be 
used  for  a  switchboard,  except,  possibly,  where  the  switches,  fuse- 
blocks,  supports  for  wires,  etc.,  are  all  of  porcelain,  or  other 
incombustible  substance,  so  that  the  wot 
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is  merely  a  frame  or  backing  to  which  these  various  devices  are 
atUched,  all  parts  of  the  circuit  being  kept  away  from  the  wood, 
so  that  there  is  no  danger  of  touching  or  burning  it.  Since 
marble,  slate,  tiles,  or  glass  plates  arc  not  convenient  to  use  in 
sizes  larger  than  one  or  two  feet  square,  it  is  necessary  to  make 
up  large  switchboards  of  many  panels,  which  are  held  together  by 
frames  of  iron,  brass,  or  wood.  The  presence  of  a  metal  frame 
is,  of  course,  objectionable,  since  it  may  cause  short  circuits ;  but 
it  is  customary  to  employ  it,  since  it  is  a  simple  way  to  support 
the  slabs  of  insulating  material.  Wooden  frames  have  been  sub- 
stituted for  metallic  ones,  the  idea  being  that  the  switchboard 
itself  is  made  of  incombustible  material,  and  the  wocxlen  framing 
merely  holds  it  together. 

The  arrangement  of  instruments,  switches,  connections,  etc, 
on  a  switchboard,  should  be  conveniently  and  systematically  car- 
ried out.  The  path  of  the  current  should  be  as  short  as  possible, 
and  preferably  always  in  one  direction ;  that  is  to  say,  it  may 
pass  from  left  to  right,  or  from  top  to  bottom,  or  vice  versa, 
the  wires  being  brought  in  on  one  side,  and  carried  out  on  the 
other.  The  crossing  of  wires  or  connections  is  to  be  avoided  as 
far  as  possible. 

Wires,  and  all  parts  carn,*ing  current,  should  be  placed  far 
enough  apart  at  all  points  to  prevent  accidental  contact,  or  the 
jumping  across  of  the  current  where  the  difference  of  potential 
is  great.  Wires  and  current-carrying  parts  must  also  he.  kept 
at  a  sufficient  distance  from  conducting  bodies,  such  as  screw- 
heads,  metal  brackets,  gas-pipes^  etc.,  to  avoid  accidental  grounds 
or  short  circuits.  Instruments  and  switches  should  be  accessible 
for  observation  and  operation ;  but,  at  the  same  time,  parts 
carrj'ing  high-voltage  currents  must,  if  possible,  be  placed  out 
of  reach  of  accidental  contact  by  persons,  or  else  protected  by  an 
insulating  shield.  . 

There  are  three  important  classes  of  switchboards  used  in 
electric  lighting :  — 
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There  are  also  many  forms  of  high-lcnsion  switchboards  used 
in    connection    with    the    long-distance    transmission    of    electrical 

energy.  Even  in  such  cases,  how- 
ever, the  pressure  diics  not  ordi- 
narily exceed  12,000  to  15,000 
volts,  any  higher  pressure  existing 
on  the  line  being  stcpped-up  and 
stcppcfl-dowTi  by  means  of  station- 
ary transformers  at  the  transmitting 
and  receiving  stations.  It  is 
common  practice  in  large  cities  ti 
transmit  three-phase  electrical  cn- 
crg>',  at  about  6,600  volls.  from 
central  generating  stations  to  vari- 
ous substations,  at  which  it  is, 
stepped-down  in  \-oItage  and  i 
many  cases  converted  into  direct  current  f<ir  distribution  to  llic 
consumers.    This  important  method   is  described   in  Chapter  X 
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Vol.  II.     Examples  of  the  different  classes  of  switch-boards  arc  given 
at  the  end  of  this  chapter.  | 

Switches  are  devices  for  closing  and  opening  the  various  cir- 
cuits or  branches.  The  base  of  a  switch  is  made  of  slate,  marble, 
or  other  fireproof  material.  In  good  practice,  wood  is  no  longer 
allowable  for  switch-bases.  If,  however,  in  an  emergency  it  must 
be  used,  as,  for  example,  when  a  marble  switch-base  has  be- 
come  cracked,    it    should  be  \itovtc\^  by  a    sheet  of  mica 
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asbestus,  to  prevent  charring  of  the  wood.  The  base  of  a  switch 
requires  to  be  very  strong  in  order  not  to  break,  crack,  or  bend, 
on  account  of  the  mechanical  strains  and  the  heating  effect  of 
arcs,  both  of  which  are  quite  severe  in  the  case  of  targe  switches. 

The  contact  surfaces  of  switches  should  be  ample,  the  minimum 
area  being  .01  square  inch  per  ampere ;  and  in  the  case  of  arc- 
light  or  other  high-voltage  circuits  where  the  current  is  usually 
small,  the  contact  surface  should  be  .02  to  .05  square  inch  per 
ampere.  The  surfaces  should  have  a  sliding  contact ;  a  simple 
normal  pressure  between  two  surfaces  being  entirely  un.satisfac- 
tory  for  the  purpose,  as  the  least  diit  or  o.xidatlon  would  prevent 
good  contact.  In  this  counUy  some  of  the  well-known  forms  of 
"  knife "  switches  are  almost  universally  employed  to  control 
large  currents,  that  is,  those  exceeding  10  or  20  amperes;  but  in 
Eurojxr,  switches  are  often  used  in  which  the  contact  is  made  by 
the  ends  of  a  number  of  strips  of  copper  bent  into  semicircular 
fonn.  This  form  of  switch  insures  even  better  contact  than  the 
knife  switch  ;  but  the  objection  to  it  is  that  the  ends  of  the  .sep 
arate  strips  of  copper  dig  into  the  contact  surfaces  and  roughen 
them. 

In  the  knife  switch  the  blade  enters  between  two  copper 
springs  or  clips,  which  are  pressed  together,  the  blade  often 
being  made  somewhat  loose  in  order  to  adjust  itself ;  in  fact» 
perfect  alignment  and  fit  of  the  blade  and  the  clips  are  somewhat 
difficult  to  accomplish,  and  is  the  chief  trouble  with  this  form 
of  switch.  Hence,  to  in.sure  a  good  contact,  particularly  if  the 
blade  cannot  adjust  itself,  the  springs  should  be  made  flexible 
either  by  building  them  up  of  several  thicknesses  of  metal,  or  by 
slitting  them  into  a  number  of  separate  fingers.  The  contact 
pieces  should  be  shaped  so  that  they  open  along  their  entire 
length  at  the  same  time,  otherwise  the  arc  formed  would  concen- 
trate at  the  last  point  or  comer  of  contact,  and  thus  burn  or  melt 
it  away.  Indeed,  the  arc  produced  by  opening  a  circuit  carrying 
a  heavy  current  is  one  of  the  most  difficult  matters  to  control 
in  practical  electrical  engineering;  but  ordinarily  in  electric 
lighting,  circuits  are  not  opened  while  a  heavy  current  is  flowing. 
In  case  of  accident,  however,  it  might  be  necessary  to  do  this ; 
and  a  switch  should  be  capable  of  opening  the  circuit  with  full 
current    a  reasonable    number  of   times  without    seriows  \t>.\ax^. 
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But  if  a  circuit  has  to  be  opened  very  freqtiei 
forms  of  circuit-breaker,  that  are  described  at 
chapter,  should  be  adopted.  j 

In  "quick-break"  switches  the  contact-pieces  arc  snapped 
apart  by  spring  action,  the  object  being  to  make  the  time  during 
which  the  arc  exists  as  short  as  possible.  These  arc  useful  in 
many  cases;  but  the  most  recent  practice,  particularly  in  large 
plants,  is  to  employ  circuit-breakers  for  interrupting  currents  of 
any  considerable  volume,  either  automatically  or  by  hand.  Simple 
knjfe  switches  arc  also  provided ;  but  their  function  is  to  close* 
rather  than  to  open,  circuits,  and  to  make  connections  that  a 
not  likely  to  be  broken  while  large  currents  are  flowing. 

"^All  parts  of  a  switch  which  carry  current  should  have  a  cros 
section  of  at  least  one  square  inch  per  thousand  amperes  f 
copper,  and  two  or  three  limes  as  much  for  brass.  It  is  not  uncom- 
mon to  find  switches  in  wliich  brass  pieces  used  to  convey  current 
become  highly  heated  at  full  load.  This,  of  course,  is  extremely 
objectionable,  and  probably  arises  from  the  mistake  of  making 
the  brass  conductors  of  the  size  that  would  be  right  for  copper, 
whereas  the  former  only  has  about  one-third  the  conductivit 
As  far  as  possible,  copper  should  be  used  for  the  current-carrj-inj 
parts  of  switches  and  other  portions  of  the  circuit ;  and  if  b 
is  adopted  because  it  is  easier  to  work,  or  presents  a  more  orna- 
mental appearance,  its  lower  conducti\ity  must  always  be  taken 
into  account.  In  designing  switches,  the  current  should  not  be 
allowed  to  pass  through  springs  which  act  mechanically,  that  is. 
those  which  are  not  mere  contact  springs ;  since  the  heat  of  the 
current  is  almost  certain  to  "  kill,"  or  take  the  elasticity  out 
them.  To  avoid  this,  one  or  both  ends  of  the  spring  may 
insulated.  The  current  should  not  be  allowed  to  pass  througl 
any  pivot,  bearing,  or  fulcrum,  as  the  contact  is  uncertain,  and  the 
current  is  likely  to  melt  the  parts  together  and  prevent  the  move- 
ment of  the  switch.  In  small  switches  this  rule  is  often  violated, 
but  in  good  practice  the  blade  or  arm  itself  should  extend  from 
one  contact  point  to  the  other.  The  screws  for  holding  the  con- 
ductors should  be  large  enough  to  stand  being  firmly  tightened  ; 
iron  screws  with  square  or  hectagonal  heads  are  preferable  to 
brass  or  slotted  screws  in  the  case  of  conductors  of  any  consid- 
erable size.     The  effective  length  of  the  screws  ought  to  be  at 
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:ast  twice  their  diameter  to  avoid  stripping  the  thread ;  in  short, 
considerable  stren^fth  is  required  to  hold  the  conductors  firmly  in 
place.  Some  device  should  be  provided  to  hold  the  switch  open 
and  jircvent  accidental  closing.  This  can  usually  be  accomplished 
by  simply  placing  the  switch  so  that  the  arm  hangs  downward 
by  gravity  whwi  it  is  open.  The  stupid  mistake  is  often  made 
of  reversing  this  arrangement,  so  that  the  handle  tends  to  fall 
and  close  the  switch  ;  which  danger  should  be  avoided,  even  if  the 
switch  is  provided  with  a  catch  to  hold  it  open.  The  handle  of 
any  switch,  even  for  low-tension  currents,  must  always  be  per- 
fectly insulated.  Special  forms  nf  switches  for  arc,  alternating, 
Ind  other  circuits  will  be  described  under  Electrical  Distribution 
n  Volume  II. 
Safety  Fuses.  —  Almost  all  electrical  circuits,  except  those  for 
onstant-currcnt  arc-lighting,  are  protected  from  abnormal  Increase 
of  current  by  safety  fuses.  These  consist  of  wires  ur  strips  of 
■bnctal  introduced  into  the  circuit,  and  so  designed  in  cross-section 
and  resistance  that  they  will  melt  and  open  the  circuit  in  case  of 
excessive  current,  before  the  rest  of  the  circuit  becomes  unduly 
heated.  These  devices  are  extremely  simple,  and  would  seem  to 
JMite  very  satisfactory  for  the  purpose  ;  nevertheless,  much  uncer- 
tainty exists  in  regard  to  the  theory  and  practice  of  safety  fuses. 
I'^'he  requirements  for  an  effective  safety  fuse  may  be  stated 
|fi  follows :  — 
tin 


N 


1.  They  should  melt  with  a  definite  current. 

2.  They  should  not  change  in  this  respect  by  the  effect  of 
time,  heating,  or  other  action  of  the  current,  or  in  fact  under  any 
reasonable  conditions. 

3.  They  should  act  promptly. 

4.  They  should  give  a  fimi  and  lasting  contact  with  the  tcr- 
^^dnals  to  which  they  are  attached. 

^H  The  ordinary  practice  is  to  manufacture  spools  or  coils  of  wire, 
^^K>mposed  of  some  easily  fusible  alloy  ;  or,  for  larger  currents,  flat 

strips  of  fusible  metal  provided  with  copper  terminals  are  used. 

The  idea  is  that  each  size  of   fuse  will  carry  a  certain  normal 

current,  but  will  melt  and  open  the  circuit  with  a  certain  excess 
^fef  current,  which  is  usually  put  at  25  per  cent  or  %%\  per  cent 

increase.     But,  as  a  matter  of  fact,  the  fusing  \)0\ut  x-s.  CQ\vs«3kfcx- 
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ably  modified  by  many  conditions,  such  as  temperature  of  the 
fcurrounding  air,  position  of  the  fuse,  whether  it  be  open  or 
enclosed,  vertical  or  horizontal,  and  whether  it  be  on  the  floor, 
wall,  or  ceiling.  The  length  of  the  fuse  has  also  a  great  effect, 
the  heat  being  rapidly  absorbed  from  the  ends  of  a  short  fuse 
by  the  blocks  to  which  it  is  connected;  and.  furthermore,  the 
size  of  these  pieces  vrould  vary  the  amount  of  heat  which  they 
are  capable  of  taking  up. 

It  is  evident,  therefore,  that  the  exact  conditions  under  which 
a  given  fuse  is  to  be  used  should  be  specified.  In  order  to  secure 
uniform  results.  In  fact,  fuse  blocks  or  bu\cs  should  be  stan- 
dardized, in  which  cases  they  ought  to  be  sufficiently  reliable  in 
their  action,  since  the  physical  principles  upon  which  they  depend 
arc  simple  and  definite.  Their  construction  is  also  so  very  simple 
and  cheap  that  it  would  seem  to  be  a  mistake  to  give  them  up 
for  more  complicated  devices,  except  in  certain  cases.  The  objec- 
tion is  often  urged  against  fuses  that  they  have  a  certain  capacity 
for  heal  which  allows  the  current  to  rise  considerably  above  the 
normal  point  if  it  increases  very  suddenly.  This  is  actually  aa^_ 
advantage,  because  the  conductors  and  apparatus  which  the  fuso| 
protects  have  a  still  greater  heat  capacity  ;  consequently  a  momen- 
tary excess  of  current  which  does  not  melt  the  fuse  cannot  cause 
any  injury  in  the  rest  of  the  circuit.  This  avoids  the  interrup- 
tion of  the  supply  and  the  renewal  of  the  fuse  every  time  there 
happens  to  be  a  rush  of  ciurent  for  an  instant.  ^H 

A  paper  and  discussion  on  "  The  Rating  and  Behavior  of  Fuse^ 
Wires,"  by  Professor  W.  M.  Stine  and  others,  contains  valuable 
information  upon  this  subject.*  ^| 

A  report  by  Mr.  W.  McDevitl  to  the  Philadelphia  Board  of^ 
Fire  Underwriters  on  "The  Gross  Untrust worthiness  of  Fuse 
Metals  and  Appliances  as  a  Means  of  Protection  for  Electric 
Circuits  —  The  Remedy,"  f  gives  the  results  of  many  tests  im 
fuses.  It  is  a  question,  howe%*cr,  whether  the  difficulties  arc  not 
largely  or  entirely  due  to  improper  and  \*ariable  conditions,  that 
can  be  avoided  as  already  pointed  out.  ^| 

Electromagnetic    Circuit-Breakers,    cut-outs,    or    limit-switchc4 
are  used  in  place  of  fuses  to  protect  electrical  circuits  from  cxces-- 

•    Tram.  Amer.  /«rf.  EUf.  Eng.,  October.  1806. 
t  EUttricat  En^iiufr  CN.V.),  Feb.  5.  I8M. 
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sive  current.  These  circuit -breakers  comprise  the  switch  part  as 
well  as  a  solenoid  in  the  main  circuit,  which  acts  upon  a  movable 
re.  When  the  current  exceeds  a  certain  value,  the  core  is  drawn 
in  and  a  trigger  is  tripped,  which  allows  the  switch  portion  of  the 
circuit -breaker  to  fly  open  under  the  action  of  a  spring.  In  the 
General  Electric  circuit-breaker,  the  main  contact  is  made  by  heavy 
copper  jaws,  but  the  last  breaking  of  the  contact  is  made  between 
points  which  are  under  the  influence  of  a  magnetic  field.  This 
magnetic  field  blows  out  the  heavy  arc  that  would  otherwise  be  estab- 
lished.    On    the   I-T-E,    the 


^ 


^■Wi 


U^ 


r 


estmghouse,  and  most  oth- 
types  of  circuit-breaker, 
e  breaking  of  the  contact 
j>lace  between  carbon 
points,  which  are  not  so 
readily  destroyed  by  an  arc 
as  arc  copper  contacts,  and 
■hich,  arc  more  cheaply  re- 
newed. The  main  contact 
through  the  circuit- breaker, 
in  cither  t\pc,  is  made  be- 
ecn  copper  jaws  of  sufG- 
cicnt  cross-section  to  carry 
the  current  without  heating. 
hcsc  jaws  open  before  the 
current  is  interrujrted  by  the 
smaller  contacts  which  lake 
the  final  arc. 

In    Fig.    190    is   repre- 

ted   a  General  Electric  circuit  breaker  with  magnetic  blow-out 
ils  at  the  top,  solenoid  at  the  left,  and  handle  for  resetting  the 
it-breaker  at  the  bottom.    The  small  handle   for  tripping  the 
circuit -breaker  when  it  is  desired  to  open  the  circuit  by  hand  is 
own  just  under  the  solenoid. 
/Vn  I-T-E  circuit- breaker  is  shown  in  Fig.   191.    This    is  of 
the  type  previously  mentioned,  in  which  the  final  break  occurs 
between   the  carbon   contacts   at    A    and    there    is   no   magnetic 
blow-out. 


^ 
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Circuit-breakers  possess  the  advantages  over  fuses  thai  ihcy  can 
be  instantly  opened  by  hand  if  desired,  they  are  readily  closed  and 
put  in  condition  to  act  again,  they  can  be  !U:t  to  0[)en  with  a  definite 
current,  and  do  not  injure  the  face  of  the  board  when  opened  under 


(P 


fl^.  19T.     l-r-£  CirtvitSnaim. 

In  general,  circuit -breakers  are  necessary  for  main  circuits^ 
or  those  frequently  overloaded,  especially  in  electric  traction  and 
power  scr\'icc.  They  should  be  used  also  for  the  principal  circuits 
on  clcctrir-lighlin^  swilchlMjards. 

Time-Limit  Circuit-Breakers. — Where  circuits  are  loaded  with 
large  induction  or  synchronous  motors,  or  other  devices  liable  to  pro- 
duce short  circuits  on  the  system  when  they  gel  out  of  step  or  are 
suddenly  conneitud,  it  is  necessarj-  lo  protect  (hem  with  circuit- 
breakers,  and  in  order  to  prevent  their  o]>cration  by  momentary 
overloads  it  has  been  found  advisable  to  inirodiicc  a  time  element 
on  the  circuit -breakers.  This  feature  requires  that  the  overload  be 
maintained  from  three  to  five  seconds  before  the  circuit  is  opened. 
This  factor  may  be  introduced  by  either  of  two  methods,  nameiy, 
by  a  clock  mechanism  or  by  an  adjusted  dash-jjot.  The  clock- 
work time-limit  breaker  devised  by  Mr.  L.  B.  Stillwell,  Fig.  192, 
is  so  arranged  that  the  wheels  are  prevented  from  revolWng  by  a 
pawl  which  may  be  lifted  out  nf  place  by  relay  magnets,  energized 
from  the  line  by  means  of  current  transformers.  The  lifting  of  the 
^ffi  a/Jows  the  dockwovW  lo  o^ttiVt  a.w^  cVose  a  low-tension  relay 
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circuit,  which  trips  the  trigger  of  the  breaker  and  thus  opens  the  main 
circuit.  The  clock  movement  can  be  adjusted  to  close  this  second  relay 
circuit  in  any  desired  time;  and  in  case  the  mechanism  is  started  by- 
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Fl^,  192,     Tlme-Umlt  CIreuit-Bnaker. 

an  overload,  which  is  removed  before  the  expiration  of  the  time  limits 
the  pawl  drops  and  the  movement  returns  to  its  original  place. 

In  the  case  of  the  dash-pot  circuit-breaker,  the  core  of  the  solenoid 
is  lifted  against  oil  or  air  pressure,  which  can  be  so  adjusted  that  the 
overload  must  be  maintained  for  a  definite  period  before  the  core 
can  be  hfted  far  enough  to  strike  the  release- trigger. 

High-Tension  Oil  Smtches. — Alternating-current  generators  for 
high  voltages  usually  have  oil  switches  to  interrupt  the  main  cir- 
cuit, that  is,  switches  in  which  the  contact  is  made  and  broken 
under  oil.  These  switches  have  been  found  very  efficient  in  pre- 
venting the  formation  of  a  destructive  arc  upon  opening  circuits 
up  to  30,000  volts.  The  larger  oil  switches  are  operated  by  elec- 
tric motors  or  solenoids  energized  from  secondary  or  relay  circuits. 
The  machine-type  oil  switch  of  the  General  Electric  Company,  Fig. 
193,  has  the  enei^  for  operating  it  stored  up  in  a  spring  wKvcK 
is  woimd  up  by  a  small  electric  motor.      TVvVs  mo\.ox  t>\t\&  ^nct^ 
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time  ihc  switch  is  opened  or  closed,  and  winds  up  the  spring 
enough  to  compensate  for  the  amount  it  was  unwound  in  operating 
the  switch.  Each  "leg"  of  the  circuit  is  broken  under  oil  in  a 
long  tube,  and  these  tubes  arc  mounted  in  individual  cells,  sepa- 


e\9.  193.    High-Union  Oil  Switch. 

rated   by   masonry'   walls,   so  tliat  there  can  be  no  flashing  act 
from  one  to  another. 

Location  of  Switchboard. — In  the  design  of  buildings  for  cen-' 
tral-stalion  or  isolated  lighting  plants,  the  switchboard  should  be 
located  in  an  easily  accessible  place,  and  have  plenty  of  space  bothfl 
in  fn)nl  and  bL-hind.  In  many  instances  the  board  can  be  placed 
to  advantage  on  a  gallery  overlooking  the  generating  machinery. 
Care  should  be  taken  to  locate  the  switchboard  with  respect  to  theH 
machinerif'  and  distributing  feeders  it  is  to  control,  so  that  the  cost 
of  copper  may  be  kept  down. 

As  extension  should  always  be  allowed  for,  the  panels  controlling 
the  generators  should  be  placed  at  one  end  of  the  board  and  the 
pan^s  controlling  the  feeders  should  be  placed  at  the  other  end. 

For  ortlinary  direct-current  switchboards  a  space  of  about  3  feet 
should  be  left  between  the  back  of  the  board  and  the  wall;  for  heavy 
work  or  high-tension  systems  a  space  of  6  to  8  feet  would  be  advi»> 


tn^  tad  to  prerent  the  fitxisatioo  of  a  panialhr  concealed  space 
vcn*  UkelT  lo  be  used  far  the  storage  of  nibbish,  oily  waste,  etc. 
A  n-p9cal  low-ieiaon  taolatcd  plant  switchboard  is  shown  in  Fig.  194. 
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In  syslcnis  working  at  2,01)0  volts  or  m-jrc,  it  is  cK:clIent  prac- 
tice to  remove  all  high-tension  apparatus  from  the  face  of  the  board, 
the  switches  being  placed  in  fireproof  compartments  of  brick  or 
soapslone,  and  operated  mechanically  throu|i;h  bell-cranks  and 
levers  by  means  of  handles  on  the  face  of  tlie  panel,  or  electrically 
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fit.  169.  An  Circuit  SwfteUbnard, 


by  means  of  low-tension  relays.  The  instruments  are  connected 
to  the  secondaries  of  potential  or  current  transformers,  which  are 
conveniently  located,  and  connected  to  the  Hnes  of  the  high-tension 
system.  Tliis  construction  naturally  requires  more  space  than  the 
simple  low-tension  switchboard,  but  the  danger  of  accidental  con- 
tact is  llicreby  greatly  reduced.  The  main  currcnt-carr>'ing  appa- 
ratus may  be  placed  directly  back  of  the  board,  in  the  basement  or 
upon  a  gallery,  and  inclosed  in  fireproof  compartments,  or,  if 
cleclrically  controlled,  the  main  apparatus  may  be  located  where 
desired.  The  general  arrangement  of  instruments  and  connections 
of  a  modern  high-tension  switchboard  is  shown  in  Fig.  195. 

ISeries  arc  switchboards  differ  from  the  other  types  mentioned, 
that  plugs  arc  employed  on  them  instead  of  knife  switches;  tlua 
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is  possible  because  the  currents  are  small,  usually  from  5  to  10 
amperes.  The  function  of  the  arc  switchboard  is  to  enable  the 
rapid  transfer  of  one  or  more  arc-lamp  circuits  to  and  from  any 
of  a  number  of  generators  without  opening  the  circuit.  This 
transferring  is  sometimes  accomplished  by  means  of  a  pair  of  plu^ 
connected  by  insulated  flexible  cables  or  by  plugs  without  cables 
which  bridge  two  contacts  on  the  back  of  the  board.  The  latter 
design  is  preferable,  because  the  danger  of  contact  with  damaged 
cables  is  eliminated.  The  type  of  arc  board  shown  in  Fig.  196 
is  of  the  bridging  type  and  is  designed  for  three  machines  and 
three  circuits. 
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CHAPTER     XXIII. 


ELEOTRICAL     MBASURINQ    INSTRUMENTS. 

The  subject  of  electrical  measurements  is  one  which  should  be 
treated  in  elementary  and  general  works,  or  in  those  devoted  to 
It.  being,  however,  extremely  important  and  presenting  a  some- 
what different  aspect  in  each  branch  of  electrical  work,  it  is  well 
to  consider  briefly  the  various  classes  of  instruments  and  their  ap- 
plicability  to  electrical  plants. 

ClassificatioD. — The  most  important  types  of  electrical  measur* 
ing  instruments  may  be  subdivided  as  follows: 

1.  Ordinary  gaJvanomet^rs. — Coil  acting  upon  permanent  mag' 
net. 

2.  Eicctromagneiic  devices. — Coil  or  electromagnet  acting  upon 
soft  iron. 

^B     3.  Elfcirodynamometers. — ^Two  coils  acting  upon  each  other. 
^"      4.  D'Arsonval  instruments. — Action  between  coil  and  magnetic 

field. 
^H     5.  EXectrothermal  devices. — Heat  generated  by  current  produces 
Hcxpansion  or  other  effect. 
W^      6.  ElccirosUUic    instruments. — Mutual    action    of    two    charged 

bodies. 

^7.  Electrochemical  devices. — Electrolytic  effect  of  current. 
8-  Miscellaneous  instruments. — Repulsion  and  other  peculiar 
ects  of  alternating  currents- 
Galvanometers. — Until  about  1888,  practically  the  only  instru* 
ments  used  to  measure  ekrtric  currents  were  simple  galvanometers, 
consisting  of  a  j>ermant;ntly  magnctiZL-d  needle,  suspended  or 
mounted  so  as  to  deflect  by  passing  the  current  through  a  coil  sur- 
rounding the  needle.  Ammeters  and  voltmeters  had  been  brought 
cut  before  that  date,  but  were  rarely  employed  because  they  were 
not  very  accurate.  It  was  not  until  the  Weston  instruments  were 
Inlnnluccd  during  1S88  that  results  were  obtained  sufficiently  reli- 
able tu  warrant  their  general  use  for  electrical  measurements. 

The  galvanometer  slill  remains  the  most  sensitive  means  of  detect- 
ing ver\'  feeble  currents;  but  for  almost  all  other  uses  galvanometers 
^■tave  been  superseded  by  vohmeters  and  ammeters,  a.ud  ovWt  xsyowi 
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practical  forms  of  instrument.  Its  principal  applications  in  elec- 
trical engineering  arc  measuring  the  resistance  of  the  insulation  of 
circuits  and  apparatus,  and  locating  faults  in  the  same.  Ordinarily 
insulation  resistance  has  a  value  of  many  megohms,  consequently 
it  requires  a  ven,-  sensitive  instrument  to  delect  the  minute  current 
which  would  flow  through  such  a  high  resistance.  On  the  other 
hand,  this  delicao'  is  unnecessary*,  and  in  fact  undesirable,  if 
stronger  currents  arc  to  be  measured. 

The  VArsonvai  gaivarwmeler  differs  from  the  preceding  in  the 
fact  that  the  deflecting  part  consists  of  a  coil  of  wire  through  which 
Ihc  current  to  be  measured  is  passed,  the  coil  being  hung  in  a 
field  produced  by  a  permanent  magnet.  Compared  with  the  other 
form  this  instrument  possesses  the  great  advantage  that  it  is  free 
from  r>r<linar>'  magnetic  disturbances.  For  example,  ft  is  prac- 
tically unaffected  even  by  a  dynamo  at  a  distance  of  ten  feel.  A 
light  pointer  may  be  attached  to  the  moving  part  of  tilher  style  of 
^Ivanomelcr  in  order  to  measure  the  deflection;  but  for  very  feeble 
turrents  a  very  small  mirror  mounted  on  the  moving  part  reflects 
a  beam  of  light,  thus  obtaining  the  effect  of  a  long  jxiinter.  In  fad 
^Ihe  deflection  as  read  on  the  scale  corresponds  to  twice  the  angular 
displacement.  KormeHy  D'Arsonval  galvanometers  were  far  less 
sensitive  than  the  magnetized  needle  type,  but  they  have  now  been 
developed  so  that  they  have  a  high  pgurc  of  method,  that  is,  the 
number  of  megohms  through  which  one  volt  will  produce  a  deflec- 
tion of  one  scale  division. 

These  and  other  forms  of  testing  apparatus  should  be  put  in  a 
small  room  by  themselves  in  a  central  station  of  any  considerable 
size,  being  quite  different  in  their  functions  from  the  ammeters,  volt- 
meters, etc.,  which  are  placed  on  Uic  switt-hbuanj  for  mcAsuring  the 
output  of  the  plant. 

Principles  of  Voltmeters  and  Ammeters.  —  In  most  cases 
there  is  no  essential  difference  iKlwcen  these  two  kinds  of  instru- 
ment. For  example,  a  galvanometer  usetl  to  measure  current  is 
also  capable  of  acting  as  a  voltmeter,  provided  the  resistance  m 
its  circuit  remains  constant,  because  the  current  which  flows  through 
it  is  directly  pr(J[)orlional  to  the  voltage.  Similarly,  any  voltmeter 
which  allows  current  to  (Kiss  through  it  can  be  calibrated  lo  intU- 
catc  amperes  as  well  as  volts.  Ordinarily,  however,  an  ammeter  is 
made  with  as  low  resistance  as  {K>s!iiblc,  being  placed  directly  in  the 
main  circuit,  because  it  \s  "\m\>oT\anV  \\vax  >X\t  Vy=£.  q(  energy  (-/'/f> 
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shall  be  a  minimum.  Conversely,  the  resistance  of  a  voltmeter 
which  is  connected  as  a  shunt  lo  the  generator  or  circuit  ought  to 
be  as  high  as  possible,  in  order  that  Ihc  current  taken  by  it  shall  be 
insignificant.  Nevertheless  an  ortlinar)*  ammeter  may  be  ■  cali- 
brated as  a  miUivoItmt'ter,  because  there  is  a  certain  voltage  corrc- 
nding  to  each  value  of  the  current,  that  is,  V  ^IR.  In  an  analo- 
gous manner,  almost  any  voltmeler  (not  electrostatic)  can  be  con- 

V 
verted  into  a  milliammeler,  because  ^  =  ~o- 

Electromagnetic  Ammeters  de[)cncl  upon  the  principle  that  a 
current  tends  lo  intlutc  magnetism  in,  and  exert  force  upon,  u  piece 
of  iron. 

A  great  many  difTerent  forms  have  been  made  according  to  the 
same  generul  plan,  one  of  the  simplest  and  T:k:sI  known  being  the 
''pendulum  ammeter"  formerly  used  In  many  Edison  plants.     This 
nsiivted  of  a  coil  in  the  form  of  the  arc  of  a  circle,  which  drew 
into  itself  a  similarly  shaped  iron  core  swinging  on  a  pivot. 

The  advantages  of  these  electromagnetic  instruments  are  their 
implicity  and  cheapness.  Their  disadvantages  arc  the  fact  that 
Ihey  do  not  indicate  definitely  near  the 
zero-point;  and  for  direct  currents  the 
hysteresis  of  the  iron  core  causes  the 
reading  for  a  given  current  to  be  lower 
when  the  latter  is  increasing  than  when  it 
is  decreasing.  For  these  reasons,  this  type 
should  not  be  used  where  a  considerable 
range  of  measurement  is  required  or  for 
direct  currents.  When  employed  for  alter- 
nating currents  the  iron  core  Is  laminated 
or  made  up  of  fine  iron  wire  lo  prevent 
the  circulation  of  eddy  currents. 

Electrodynamometers. — One  of  the  old- 
est and  simplest  of  these  is  the  Siemens  type, 
represented  in  Fig.  197,  which  comprises 
the  fixed  coil  A  and  the  movable  coil  C. 
The  latter  is  large  enough  to  surround  the 
former,  the  two  being  placed  so  that  their 
planes  are  perpendicular  lo  each  other. 
The  movable  coil  is  hung  by  a  thread,  or 
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it  by  mercury  cups,  EE.  The  current  is  sent  through  the  two 
coils  in  series,  which  tends  to  turn  the  movable  one  into  the  same 
plane  with  the  other.  This  force  is  balanced  by  a  torsion  spring,  f , 
that  is  twisted  in  the  opposite  direction  with  a  thumbscrew,  C, 
through  a  certain  angle,  as  indicatixi  by  a  pointer,  //,  attached  lo 
the  screw.  The  mutual  force  between  the  coils  is  proportional  to 
the  square  of  the  current,  and  the  force  is  in  direct  ratio  with  the 
angle  of  tursiun;  hence  the  current  varies  as  the  .square  root  uf  that 
angle.  The  inslrument  Ls  calibrated,  or  providetl  with  a  table 
which  gives  without  calculation  the  number  of  amperes  correspond- 
ing lo  the  various  angles.  The  extra  coil,  .-!',  consists  of  a  greater 
number  of  turns,  and  is  used  to  measure  small  currents,  connec- 
tion being  made  by  the  binding-post  V  instead  of  1. 

The  Kelvin  (Thomson)  ampere- balance,  which  dc-pends  upon 
the  same  principle,  consists  of  two  flat  coils,  .4.4,  mounted  like 
scale-pans  upon  the  ends  of  a  lever.  These  coils  are  acted  upon 
by  fixed  coils,  CCCC^  placed  above  and  below  them,  the  force  being 
balanced  and  measured  by  weights.  The  current  passes  through 
all  of  the  coils  in  scries,  as  indicated  in  Fig.  19S. 

Elect rodynamo meters  are  ver)'  accurate  and  constant,  because 
there  is  no  iron  present  to  cause  h>-slcresis;  and  they  arc  applica- 
ble lo  either  direct  or  alternating  currents.  They  arc,  however,  some- 
what ijiconveriicnl  to  use,  it  being  necessary  with  the  forms  described 
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to  either  twist  a  spring  or  move  a  weight,  and  the  force,  being  pro- 
portional to  the  square  of  the  current,  is  extremely  feeble  with 
small  currents,  and  excessively  strong  with  lai^e  ones;  consequently 
the  accurate  range  is  quite  limited.  This  objection  does  not  apply 
when  this  principle  is  employed  in  wattmeters,  which  will  be  de- 
scribed later  in  the  present  chapter. 
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E  Weston  Voltmeters  and  Ammeters  resemble  ihc  D'Arsonval 
Ivanometer  in  general  principle.  They  embiKly,  however,  iiHtli- 
nal  features  and  arc  constructed  in  u  mucli  more  convenient  and 
durable  form;  their  jxirfection  in  design  and  workmanship  lieing 
such  that  they  are  sufficiently  accurate  not  only  for  i>ractical  use, 
but  also  for  almost  any  laboratory  measurement.  The  ilellecting 
part  consists  of  a  coil  of  fine  wire  wound  on  a.  very  light  rectangular 
frame  of  aluminum  or  copper,  mounted  on  jewelled  centers,  and 
r-n'-inL'  the-  pointer.     This  coi!  is  situated  between  the  poles  of  a 


permanent  magnet  of  horseshoe  form.  A  fixed  cylindrical  core  of 
soft  iron  is  sup{x>rted  within  the  coil  to  reduce  the  reluctance  of  the 
air-gap.  Two  flat  spiral  springs  are  attached  to  the  ends  of  the 
^^frame,  and  perform  the  double  function  of  opposing  the  deflecting 
^Hbrce  and  conveying  the  current  to  the  moving  coil.  The  ammeters 
P  and  voUmctcrs  are  the  same  in  external  appearance  and  in  con- 
'  struction,  except  that  in  the  former  the  moving  coil  is  in  parallel 
with  a  shunt  through  which  the  main  current  passes,  and  in  the 
kttcr  it  is  in  series  with  a  certain  resistance. 

The  merits  of  the  Weston  instruments  are  accuracy,  portability, 
Irccdom  from  disturbance  by  stray  magnetic  lines,  or  by  the 
effects  of  the  ordinary  changes  of  temperature,  large  tan^c?,  umltixro. 


452 


ELECTRIC  UGHTiNG. 


J^. 


%'\ 


Ft9.2iJii.     W«ilQ-t  VoitmtHr. 


scale- divisions  over  entire    scale,  accurate  readings  can   be    mad^^ 
quite  close  to  the  zero-point  and  very  small  consumption  of  energ]^| 
The  above  statements  cover  almoKl  every  desirable  [Mint  in  con- 
nection with  electrical  measuring  instruments,  except  applicability 
to  alternating  as  well  as  direct  currents.    For  station  use  they  are 

made  in  the  fonn  shown  in  Fig.  20Q|H 
often  provided   with  an  illuminated^ 
dial  consisting  of  a  translucent  scale 
lighted  from   behind   by   an  incan- 
descent lamp,  the  top  of  the  latter 
being  seen  in  the  figure.    These  are 
placed  on  the  switchboard,  or  at  any 
other  convenient  point.     A  similar 
but  smaller  tj-pe  is  made  for  isolated 
plants,  and  a  third  style  is  the  wcU-^ 
known    portable     instrument.      All|| 
three  of  these  forms  are  manufac- 
tured for   various  ranges,  from  those   having  scales   graduated  in 
millivolts,  to  those  indicating  1,500  volts  or  more.    This  type  not 
being  capable  of  measuring  alternating  currents,   another  foim  is 
made  for  that  purpose.  ^1 

The  construction  and  applications  of  the  "Weston  instruments^ 
arc  very  fully  described  in  a  scries  of  articles  by  H.  Maschke  in  the 
Elrcirkai  World,  beginning  March  26,  1892.  fl 

The  Cardew  Voltmeter  was  formerly  u.sed  in  large  numbers, 
and  is  also  interesting  because  its  action  depends  uix>n  the  heatine^ 
effect  of  the  current.  Tn  it  the  pointer  is  caused  to  revolve  by  th^H 
expansion  and  contraction  of  a  fine  wire  through  which  the  current 
passes.  This  device  can  be  used  with  cither  direct-  or  alternating- 
currents;  but  it  is  clumsy,  the  lube  which  contains  the  wire  being 
nearly  three  feet  long.  It  aUo  consumes  considerable  energy,  the 
current  at  full  voltage  being  about  one-third  of  an  ami>cre,  ai 
involves  a  loss  by  no  means  iiLsigniiicant  if  it  continues  Iwcnt] 
four  hours  a  day  throughout  the  year,  particulariy  when  sevci 
arc  used  in'  a  plant. 

Electrostatic    Voltmeters. — In   these    instruments    the    muti 
electrostatic  attraction  of  two  oppositely  charged  bodies  is  utilLtcd 
to  measure  the  difference  of  potential  existing  between  them.    The 
principle  is  identical  with  that  of  the  electrometers  used  in  labo- 


J 


SLBCTRICAL  MEASVRIXG   WSTRUMENTS. 


453 


-aratory  work.  One  of  the  simplest  forms  is  Kelvin's  vertical  clcclro- 
£?'^tic  voltmeter,  consisting  of  two  fixed  metallic  plates  5,  between 
"which  U  pivoted  a  movable  metallic  plate,  X,  all  three  being  parallel 
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and  vertical.    The  pair  of  fixed  plates  and  the  movable  plate  are 
respectively  connected   to  the  conductors  between  which   the  vol- 
tage is  to  be  measured.    This  causes  the  plates  to  become  oppo- 
sitely charged;   and  the  movable  plate  is  deflected  in  its  own  plane 
against  the  force  of  a  weight  attached  tu  its  lower  part,  and  the 
position  of  the  pointer  C  is  read  on  the  scale  B.     The  attraction 
is  proportional  to  the  square  of  the  polcnial  difference;   hence  elec- 
trostatic instruments  have  a  disadvantage  similar  to  that  explained 
in  the  case  of  clectrodynameters.    In  fact,  it  is  vcrj'  difficult  to 
obtain  a  practical  electrostatic  device  which  will  measure  pressures 
d  less  than  about  50  volts.     But  in  electric  lighting  the  potentials 
tised  arc  very  rarely  less  than  100  volts,  and  are  often  as  high  as 
2,000  volts  or  more;  consequently  these  instruments  can  be  adapted 
to  that  purpose. 
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The  advantages  oj  eieclrostatic  I'olimeiers  are:— 

1.  They  are  applicable  to  either  alternating  or  direct  currcnls. 

2.  They  are  extremely  simple  in  construction  and  action. 

3.  They  are  cheap. 

4.  Their  accuracy  does  not  depend  upon  any  condition  which  ^ 
is  likely  to  change.  f 

5.  They  consume  no  energy,  since  no  current  flows  through 
them.  ^H 

6.  They  are  absolutely  free  from  magnetic  disturbance.  ^| 

7.  They  can  readily  be  made  for  measuring  potentials  up  (o 
25,000  volts,  or  e%'en  more.  ^M 

The  last  advantage  is  so  decided  that  this  type  would  sccnf™ 
best  for  very  high  potentials,  and  it  possesses  the  six  other  advan- 
tages enumerated,  even  when   employed   for  lower  voltages.     U^| 
to  the  present  time  it  has  not  been  developed  to  the  extent  th^^ 
its  merits  would  seem  to  warrant.     In  practice,  it  is  customary  to 
measure  high  voltages  by  using  a  ^tential  Iransjormer,  which  reduco^f 
the  pressure  in  the  ratio  of  10  : 1  or  100  : 1,  so  that  an  ordinary 
voltmeter  can  be  used.  ^_ 

Electrochemical  Instruments  are  not  commonly  used  for  pra0^| 
tical   measurements,   almost   the  only   example   being   the    Edison 
electrolytic  meter,  described  in  Volume  II.     It  was  used  in   large 
numbers  to  measure  the  current  supplied  to  the  various  custoi 
but  has  now  been  replaced  by  mechanical  meters. 

Special  Alternating-Current  Instruments. — Forms  of  ammeter 
and  voltmeter  have  been  devised  in  which  effects  peculiar  to  the 
alternating  current  arc  utilizi-d.  For  example,  the  action  of  rq>ul- 
sion,  discovered  by  Professor  EUhu  Thomson,  may  be  applied  to 
purposes  of  measurement.  These  have  no  great  advantage  over 
the  ordinary  elcctromagnelic  and  elect rodynamic  effects,  and  are 
not  only  limited  to  alternating  currents,  but  also  in  most  cases  depend 
upon  the  frequency.  J 

The  Thomson  Inclined-Coil  Meter  of  the  General  Electric  Co.  i^ 
extensively  used  for  allemaiing-current  measurements.    The  work- 
ing parts  of  the  ammeter  of  this  type  are  shown  in  Fig.  202.    A  coil 
A ,  through  which  flows  the  current  to  be  measured,  is  mounted 
with  its  axis  inclined  as  showTi.    A  vertical  spindle  mounted 
jewel  bearings  and  controlled  by  a  hair-spring  passes  through  ihi 
coil;  and  to  this  spindle  are  fixed  a  pointer  b  and  a  vane  of  thii 
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sheet  iron  a.  This  vane  of  iron  is  mounted  obliquely  to  the 
spindle.  When  the  pointer  is  at  the  zero-point  of  the  scale,  the  iron 
vane  a  lies  nearly  across  the  axis  of  the  coil;  and  when  a  current 
passes  through  the  coil,  the  vane  tends  to  turn  until  it  is  parallel 
to  the  iixis  of  the  coil,  thus  turning  the  spindle  and  moving  the 
■attached  pointer  over  the  calibrated  scale. 
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F\g.  202.    Mc»tm«f>t  of  ThQtnpmn  Inellntd-Ooll  Mwttr, 

The  inclined-coil  voltmeter  is  identical  with  the  animeter,  except 
that  the  former  has  line  wire  in  the  fixed  inclined  coil,  and  in  place 
of  the  iron  vane,  a  coil  of  fine  wire  is  employed,  placed  in  series 
with  the  fixed  coil,  and  with  an  auxiliary,  non-inductive,  high 
resistance. 

Wattmeters. — If  the  Siemens  elect rodynamomeler  described  on 
;e  449  is  modified  by  winding  one  of  the  coils  with  a  great  many 
ms  of  fine  wire,  connected  to  the  circuit  so  that  the  current  received 
by  it  shall  be  proportional  to  the  voltage,  the  other  coil  being,  as 
before,  in  the  main  circuit,  and  having  the  total  current  passing 
through  it,  the  result  is  that  the  mutual  action  of  the  two  coils  dejjends 
upon  both  the  pressure  (volts)  and  current  (amperes)  of  the  circuit- 
In  other  words,  the  force  exerted  between  them  will  be  directly 
proportional  to  the  product  of  the  voltage  and  current,  which  is 
the  number  of  watts. 

I  For  direct-current  purposes  a  wattmeter  is  not  so  very  important; 
itnce  all  that  is  necessary  is  to  read  the  potential  from  the  volt- 
meter and  the  current  from  the  ammeter,  and  multiply  the  two 
numbers  together  to  obtain  the  power  in  watts.  But  in  alternating- 
current  measurements  the  case  is  different;  because  there  is  a  lag 
of  the  current  wave  with  respect  to  the  E.M.F.  wave,  if  the  circuit 
contains  self-induction,  as  it  almost  always  docs.  On  the  other 
hand,  the  effect  of  capacity  is  to  produce  a  lead  oi  vVvt  oirE^::tvV,  \nx 
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in  either  case  the  "apparent  watts"  obtained  by  multiplying  the 
voits  by  the  amperes,  as  indicated  in  different  instnmients,  is  not 
the  real  energy.  This  must  be  multiplied  by  the  power  factor, 
which  is  the  cosine  of  the  angle  of  lag,  in  order  to  find  the  "true 
watts."  (VoL  II,  p.  119.)  It  is  difficult  to  determine  this  power 
iactor;  hence  it  is  far  more  convenient  to  employ  a  wattmeter, 
which  eliminates  the  -error  due  to  lag  or  lead  so  that  the  actual 
power  may  be  read  directly. 

Recording  Volt-,  Ampere-,  and  Wattmeters. — ^These  are  em- 
ployed in  electrical  generating  plants  to  make  a  continuous  record 
of  the  output  in  volts,  amperes,  or  watts.  For  example,  a  pen  or 
other  marking-device  is  attached  to  the  indicating  part  of  a  volt- 
meter, and  a  strip  or  circle  of  paper  is  slowly  moved  by  clockwork 
so  that  a  line  is  traced  upon  it  showing  the  voltage  at  any  time. 
These  instruments  require  more  positive  action,  and  therefore  more 
energy,  than  the  ordinary  visual  meters  that  merely  move  a  pointer 

Ampere-  and  wattmeters  are  also  made  which  integrate  or  sum 
up  the  total  number  of  ampere-hours  or  watt-hours  during  a  given 
period.  These  axe  chiefly  used  to  measure  the  current  supplied 
to  each  consumer,  and  they  ^HU  be  described  under  the  head  (^ 
Recording  Meters  in  Volume  II. 
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CHAPTER    XXIV. 

UOHTNINO-ARHZISTZIRS. 

The  various  devices  employed  to  protect  electrical  apparatus 
from  lightning  or  atmospheric  electricity  are  commonly  termed 
lightning-arresters.  This  name,  however,  is  not  very  appropriate ; 
since  they  do  not  in  any  sense  stop  the  discharge,  but  merely 
act  to  divert  it,  and  convey  it  harmlessly  to  the  ground. 

Lightning-arresters  are  required  wherever  an  electrical  circuit, 
or  any  portion  of  it,  extends  out-doors ;  but  they  are  obviously 
unnecessary  if  the  conductors  are  wholly  in-doors,  underground, 
or  submarime.  -  The  liability  of  an  aerial  wire  to  receive  dis- 
charges of  atmospheric  electricity  depends  upon  its  length,  its 
height  above  the  ground,  and  its  location,  that  is,  whether  it  runs 
oyer  hills  or  mountains;  and  certain  regions  are  far  more  subject 
to  this  trouble  than  others.  In  England,  for  instance,  its  occur- 
rence is  comparatively  rare  and  insignificant,  whereas  in  the 
Rocky  Mountains  it  is  a  matter  of  serious  and  almost  constant 
difficulty. 

The  troubles  which  ^re  likely  to  be  caused  in- an  electrical 
plant  by  atmospheric  electricity  are  :  — 

1.  Puncturing  or  charring  of  the  insulation  of  the  electrical 
machines,  instruments,  or  conductors. 

2.  Melting  off  of  wires,  or  fusing  together  of  contact  points. 

3.  Danger  to  persons. 

4.  Liability  of  starting  a  fire. 

The  first  or  second  of  these  accidents  will  often  almost  ruin 
an  electrical  machine  or  instrument,  and  involve  considerable  time 
and  expense  in  repairing.     The  last  two,  although  of  less  frequent 
occurrence,  may  be  even  more  serious  in  their  results. 

In  many  cases  where  a  circuit  is  partly  overhead  and  partly 
underground  or  under  water,  there  is  danger  that  the  former  por- 
tions will  receive  atmospheric  discharges,  which,  ruiMAxwj,  "Ivy^-cv 
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into  the  subterranean  or  submarine  cable,  will  break  through  i 
insulation  in  order  to  escape  to  the  earth  or  water.     This  may 
necessitate  very  troublesome  and  costly  repairs. 

The  Principles  of  Llghtning-Arresters.  —  Since  the  introduction 
of  the  telegraph  about  fifty  years  ago,  the  ordinary  form  of  Hght- 
fling-arrestcr  consisted  of  a  conductor  connected  to  the  ground, 
and  brought  close  to,  but  not  in  contact  with,  the  circuit  before 
it  reached  the  instruments,  as  indicated  in  Fig.  203.  The  atmos- 
pheric electricity  coming  in  from  the  line,  being  of  high  pressure, 
"would  jump  across  the  air-gap,  and  pass  directly  to  the  ground. 
this  path  having  less  impedance  than  that  through  the  coils  of  the 
instruments  /and  /;  whereas  the  ordinary  working  E.M.F.  is  not 

high  enough  to  traverse  the  gap. 
Points  are  usually  provided  on 
each  side  of  the  gap  to  facilitate 
the  discharge  across  it.  This  de» 
vice  is  fairly  satisfactory  if  only 
weak  battery  currents  are  used. 
But  in  the  case  of  electric  light,  or 
other  circuits  carrying  strong  cur- 
rents, there  arises  a  new  difficulty. 
It  is  found  that  the  dynamo  cur- 
rent follows  the  discharge,  and 
establishes  a  short  circuit  after 
having  once  been  started  by 
sparks  passing  across  the  gaps  A  and  A,  as  shown  in  Fig.  204. 
This  would  melt  the  dynamo  fuses  /''  and  F,  and  interrupt  the 
working  current.  With  grounded  circuits,  an  arc  at  one  gap  is 
sufficient  to  cause  this  trouble;  but  electric-lighting  circuits,  not 
being  normally  grounded,  require  arcs  at  both  gaps  to  form  a 
short  circuit ;  but  these  are  produced  if  the  lightning  comes  in 
on  both  wires  at  once,  which  often  occurs. 

To  obviate  this  difficulty,  the  spark-gaps  were  provided  with 
automatic  circuit -breaking  attachments,  which  in  their  simplest 
form  consisted  of  fuses  in  the  discharge  circuit,  as  indicated  at 
DD.  The  fuses  served  to  interrupt  the  short  circuit  without  in- 
terfering with  the  working  current ;  but  these,  having  once  melted, 
the  plant  was  left  unprotected  from  further  discharges.  Later  the 
fuses  were  replaced  by  electromechanical  devices,  which  should 
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not  only  stop  the  short  circuit,  but  automatically  readjust  them< 
selves  for  further  operation. 

The  duty  of  the  lightning-arrester,  therefore,  is  to  allow  an 
indefinite  number  of  static  charges  to  pass  freely  to  earth,  and  at 
the  same  time  act  as  an  effectual  barrier  to  the  flow  of  the  current 
generated  by  the  dynamo. 
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The  numerous  forms  of  lightning-arresters  which  have  been 
brought  out  may  be  divided  into  the  following  classes,  according 
to  the  means  employed  to  interrupt  the  short  circuit  which  tends 
to  be  established  :  — 

1.  Simple  spark-gap,  suitable  only  where  working  ciurent  is 
incapable  of  maintaining  an  arc  across  it. 

2.  Fuses  in  discharge  circuit  (as  at  D,  Fig.  204). 

3.  Air-blast  for  blowing  out  arc. 

4.  Electromagnetic  "  blowing-out "  devices. 

5.  Mechanical  gap-lengthening  devices. 

6.  Devices  employing  the  so-called  "  non-arcing  "  metals. 

7.  Devices  in  which  the  arc  is  confined  and  smothered, 

8.  Arc  dissipated  by  subdivision  and  distribution. 

9.  Arc  prevented  by  introducing  a  considerable  non-inductive 
resistance  into  the  discharge  circuit,  which  prevents  the  short- 
circuiting  of  the  dynamo,  but  allows  the  high-tension  charges  to 
escape. 

10.  The  presence  of  self-induction  in  the  dynamo  circuit  of)- 
poses  the  passage  of  the  discharge  into  the  machine,  hence  coils 
are  often  inserted  to  add  to  the  inductance  of  the  machine. 
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Sometimes  the  arrester  foils  to  interrupt  the  ar(^  and  it 

comes  necessary  to  strike  it  out  with  a  doth  or  broom.  ^| 

Comparatively  few  of  these  principles  and  forms  of  ligfatnir — "^^ 

arrester  have  been  applied  successfully,  and  it  wrill  be  sufficient        ^* 

describe  the  most  important  of  these.  ^| 

The  Thomson  "Magnetic  Blow-out"  Lightning-Arrester. —  Pc  "^^ 

fessor    Elihu  Thomson  has  ingeniously  applied    the  action  of  * 

magnet  upon  a  current  to  "  blow  out  "  the  arc  formed  in  lightniic^^ifi- 

arresters,  switches,  or  similar  devices.  ^| 

It  is  well  known  that  a  conductor  carr>'ing  a  current  tends        ^W 

be  moved  or  deflected  in  a  magnetic  field  ;  and  this  is  true  wheth  _^cnci 

the  conductor  be  a  wire  or  a  co^^:^'*' 
ducting  gas  or  vapor.      Hence,  '' 

a  lightning-arrester  is  provkl^^  ■" 
with  a  magnet,  placed  so  thai  \\^^  ^^ 
arc  is  formed  in  the  field  of  ih^f*"^ 
magnet,  the  arc  will  bo  repelled  i^^  ** 
"  bluwn  out,"  provided  the  dir< 
tion  of  the  magnetism  and  of  tl 
current  is  properly  arranged 
^H       ^1     MB^^^^^^H       II  ^^^  form  nf  this  arrester  \c::^^ 

^B        V*T^^Bl||^^r  {■       alternating-currents    is    shown    i   ^^ 

^B  '  |l        Fig.  205,  in  which  the  spark^ar-: 

^^^H        ,  I       is  between  the  two  large  plates  ii 

^^^^      '      ^"       i^^*'"m       '^^  center,  and  is  in  the  field 

^H         _,    ,„,    .r    ^^Ti^^T^r        the  electromagnet,  which  is  \voun^=^ 
^m  with   copper  ribbon.     The  lowe^^*" 

^B  binding-post  is  connected  to  the  earth,  and  the  two  upper  one^^ 
^M  to  the  dj-namo  and  line  respectively.  When  the  arc  is  formcc^^ 
^M  by  the  discharge  jumping  from  the  line  to  the  groimd  connectioi^^ 
^B  across  the  gap,  it  is  forced  aside  and  broken  by  the  action  of  thi^^ 
^^  magnetic  field  upon  it  The  same  principle  i.s  applied  to  variou! 
forms  of  lightning-arrester  for  arc  and  other  circuits. 

The  Wurts   "Won-arcing"  Arrester.— A   \*cry  simple  form 
lightning- arrester,  devised  by  A.  J.  Wurts*  is  manufactured    by 

•  "LighininK-Arxcslcrs  and  the  Discovery  of  Non  artinR  Mrlals,"  Trans.  Am. 
iHJt.  Eifc.  Hn£.,  March  15,  IS92;  "  Discriminating  Lightning- Arrest w»  and  Rwvnc 
Progren  id  Trotectioa  ■gainst  LigbtoiDg,"  Trams.  Am.  Inst.  EUc.  Emg.,  May  IV 
18IK. 
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le  "Westinghouse  Electric  Company.  It  consists  of  a  number  of 
cylinders  (usually  seven,  each  1  inch  in  diameter  and  3  inches 
long),  placed  side  by  side  with  air-gaps  of  '/,,  inch  between  them. 
The  cylinders  are  held  in  place  by  strips  of  marble  or  an  equiva- 
lent insulating  material,  as  represented  in  Fig.  206.  The  cylinders 
are  knurled  or  chctkcrcd,  and  thus 
present  hundreds  of  confrontingpoints 
for  the  discharge.  When  a  discharge 
occurs,  it  passes  across  between  the 
cylinders  from  either  or  both  line  ter- 
minals lo  the  ground.  If,  for  example, 
both  lines  discharge  simultaneously  lo 
the  ground,  then  sparks  will  occur  al 
all  si.x  gaps,  which  will  make  a  c<3n- 
ducting  path  fur  the  dynamo  curreni, 
and  completely  short-circuits  the 
machine,  as  is  apparent  in  Fig.  206. 
But  the   arcs  are  destroyc*d  as  soon 

as  formed,  and  (he  short  circuit  does  not  last  long  enough  to  pro* 
^clucc  any  Ixid  effects. 

^B     Mr.  Wurtz  considers  this  action  (see  papers  cited  above)  to  be 
^Huc  lo  the  fact  that  certain  metals  arc  non-arcing.    These  metals 
^Arc    the    zinc   grou[>— zinc,   cadmium,   mercury,    and   magnesium; 
Hpind    the    anlunony    group^antimony,   bismuth,  phosphorus,  and 
arscniCf  according  lo  Mcndelejeff's  grouping.     He  does  not  explain 
why  such  is  the  case,  but  it  may  depend  somewhat  upon  the  vola- 
^^ilily  of  these  particular  metals.    The  sudden  evolution  of  considcr- 
^Hble  metallic  vapor  between  the  cylinders  tends  to  blow  out  the  arcs 
^Ks  well  as  lo  absorb  the  heat.     This  Idea  is  borne  out  by  the  fact  that 
^*Mr.  Wurtz  finds  that  the  interruption  of  the  arcs  is  more  prompt 
and  sure  if  the  c>*linders  are  very  close  together,  i.e.,  '/«*  '"ch,  than 
if  the  gap  be  made  greater.     This  indicates  that    confining   the 
vapor  tends  to  produce  an  explosive  effect,  which  instantly  extin- 
guishes  the   arc,   as   it   would    in    the    case   of   a  flame.     It  has 
also  been  suggested  that  the  vapors  of  these  metals  may  be  poor 
conductors,  perhaps  due  to  the  fact  that  at  least  some  of  them  are 
monatomic,  particularly  at  very  high  temperatures.     \Vhatever  may 
be  the  explanation,  it  has  been  found  by  experience  that  this  form 
lightning-arrester  is  effective  in  the  case  of  altcmaling-current 
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lines,  and  that  a  large  alternator  may  be  repeatedly  short-circuited  by 
dischar^^  passing  across  the  gaps,  without  injury  to  the  machine 
or  to  the  arrester  itself,  the  only  effect  being  to  very  slowly  burn 
away  the  c)iinders  at  the  gaps.  Even  this  may  be  remedied  by 
turning  the  cylinders  so  that  they  present  new  surfaces  for  the  dis- 
charge. The  material  actually  used  for  the  cylinders  is  an  alloy 
of  zinc  with  just  suffident  copper  to  enable  it  to  be  easily  cast  and 
worked. 

On  circuits  of  less  than  1,250  volts  the  generator  tenninals  are 
connected  to  the  extreme  cylinders  and  the  ground  line  to  the  centex' 
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cylinder  (Fig.  207a).  The  device  k  therefore  doublc-polc;  that  is, 
one  arrester  is  sufficient  for  both  sides  of  the  circuit.  Wlien  the 
potential  of  the  system  b  more  than  1,250  and  less  than  2,500  volts, 
one  complete  scvcn-c)*linder  arrester  is  placed  between  each  Guc 
Hire  and  the  ground  (Fig.  207hy.    If  the  potential  of  the  system 
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rs  2,500  volts,  the  arresters  may  be  arranged  as  shown  in  Fig. 
The  operation  of  tliis  equipment  is  as  follows:  To  cause  a 
large  the  potential  at  A  rises  until  the  scries  gaps  are  broken 
1.  If  liie  discharge  Ls  sufficiently  hea\7,  it  mil  then  meet  oppo- 
1  in  the  shunt  resistance  "/?"  and  will  pass  over  the  shunted 
huid  to  earth  through  the  series  resistance.  The  arc  which 
)  to  follow  the  discharge  is  then  withdrawn  from  the  shunted 

by  the  shunt  resistance  and  is  suppressed  by  the  scries  gaps 
1  by  both  resistances.  The  degree  of  protection  secured  is 
-mined  by  the  number  of  series  gaps  only,  the  shunted  gaps 
5  so  proportioned  that  tliey  are  broken  down  by  the  potential 
jvn  upon  them  when  the  scries  gaps  discharge.  The  number  of 
s  gaps  is  just  suHlcient  to  withstand  the  normal  voltage  and 
i  a  proper  factor  of  safety  assuming  the  severest  condition, 
ely,  that  one  line  is  grounded.    The  function  of  the  shunted 

is  lo  provide  a  bypass  for  the  Ughtning  discharge  which  would 
rwisc  mecl  opposition  in  the  shimt  resistance.  The  function 
he  shunt  resistance  is  twofold:  first,  to  withdraw  the  arc  from 
hunted  gaps  after  the  passage  of  the  discharge;  and  second,  to  so 
ce  the  volume  of  the  arc  that  the  series  gaps,  though  too  few  in 
ber  to  act  successfully  unaided,  can,  with  this  assistance,  sup- 
!  the  arc.  The  function  of  the  small  series  resistance,  which 
ade  as  non-inductive  as  possible,  is  to  limit  the  initial  flow  of 
mt  tending  to  follow  the  discharge  and  thus  to  prevent  burning 
e  arrester  cyUndcrs. 

'his  type  of  arrester  is  employed  for  alternating- current  cir- 
,  and  also  for  certain  arc  systems  (Wcstinghouse,  Brush,  and 
yler);  but  they  are  not  applicable  to  direct  currents  of  large 
ne,  such,  for  example,  as  1 10-  and  220-volt  incandescent  light- 
md  500-volt  power  circuits.  With  heavy  direct  currents  the 
s  too  strong  lo  be  interrupted  in  this  way,  and  some  other  fonn 
restcr  must  be  em[)](>yed. 

.nother  form  of  lightning-arrester  invented  by  Mr.  Wurtz,  and 
jfactured   by    the   Wcstinghouse   Electric   Company,    operates 

the  principle  of  smothering  any  arc  wluch  tends  to  be  formed, 
shown  m  Fig.  209,  and  consists  of  two  brass  plates  imbedded 
block  of  lignum  vita^,  and  separated  a  distance  of  half  an  inch. 
space  between  has  narrow  grooves  burned  in  it  as  indicated  in 
igurc,  and  it  is  over  or  through  these  that  the  discharge  passes. 
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This  charred  surface  docs  not,  however,  act  to  any  extenl  as  a  con- 
ductor for  the  dynamo  current,  since  the  resistance  between  the 
brass  plates  is  o%*cr  50t000  ohms.  If,  now,  ihc  Ugnum-vit*  cap, 
shown  on  the  left  of  the  figure,  be  firmly  screwed  down  ov«r  the 
charred  grooves  and  brass  plates,  it  will  be  imix>ssiblc  for  an  arc  to 
form.  The  de«cc  allows  static  discharges  to  pass,  but  will  prevent 
the  flow  of  the  large  current  which  follows  the  discharge.   Thit 
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arrester  is  especially  intended  for  railway  circuits  (550-voIt),  hut  it 
is  also  applicable  to  other  direct -current  circuits  up  to  1,000  V4jti. 
It  also  operates  satisfactorily  on  1,000-voU  ahemating  circuiw 
from  smooth-core  armatures;  but  with  tootbcd-core  armatures  it 
breaks  down,  and  short-circuits  after  a  few  discharges.  Its  tx- 
treme  simplicity  b  a  strong  f>oint  in  its  favor. 

The  Tank  Lightning-arrester,  shown  in  Fig.  210,  is  also  a  fonn 
used  by  the  Westinghouse  Electric  Company  for  direct-curreol 
circuits.  It  consists  of  coils  of  heavy  wire,  with  scvend  dischir^ 
circuits  leading  from  different  points  of  the  coils  to  carbon  cleclrod*^ 
immersed  in  a  tank  of  running  water.  The  coils  are  oHuicctcd 
in  scries  with  the  apparatus  to  be  pmtected,  and  between  the  lalK' 
and  the  line.  The  tank  is  thoroughly  grounded,  and  so  di\id'^ 
by  partitions  as  to  insure  circulation  of  the  water.  The  resistanrt 
of  llic  discharge  circuits  may  be  changed  by  varying  the  depth  ^ 
immersion  of  the  electrodes. 
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When  lighlring  lends  to  follow  the  line  to  the  apparatus,  the 
>ils  of  ihc  ara-ster  interpose  an  inductive  resistance  to  its  passage, 
while  the  several  dlsehargc  circuits  of  very  smail  inductance  offers 
comparatively  easy  i)aths  to  earlh.  The  a^tvantages  of  this  device 
are — the  discharge  dix's  not  have  lo  jump  even  the  smallest  air- 
gap;  there  is  an  opportunity  for  constant  leaJcagc  of  the  static 
charge,  which  prevents  the  accumulation  of  a  jxitenlial  suHiciently 
liigh  to  break  through  the  insulation  of  the  generator  or  trans- 
former, and  at  the  time  of  discharge  a  sliort  circuit  of  the  apparatus 
is  prevented  by  the  resistance  of  the  water. 
^^  The  disadvantages  of  this  arrester  are  that  it  allows  a  certain 
^Teakagc  of  energy  to  occur  tlirough  it  all  of  the  time,  it  is  some- 
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what  clumsy  in  form,  and  requires  a  stream  of  water  lo  be  kept 
running  through  it.  These  difikultics  can,  however,  bo  reduced 
if  the  discharge  circuits  arc  disconnected  by  puUing  out  the  plugs 
shown  in  the  figure,  when  there  is  no  danger  of  hghtning 
diiwrharges,  during  which  time  the  flow  of  water  may  also  be 
slopped. 

This  type  is  intended  for  electric-railway  circuits  (550-volt); 
3ut  it  might  be  applied  with  slight  modifications  to  electric-light- 
ing circuits,  and  it  is  imerssling  as  being  one  of  the  few  examples 

lightning-arresters  which  steadily  drain  the  static  charge  from 
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the  Une  without  allowing  it   to  accumulate,  as  already   pnnt 
out.    A  very  simple  device  of  this  kind  consists  of  an  ordinary  ptank, 
which  is  always  kept  wet  by  water  dripping  upon  it     One  end  of 
this  plank  is  connected  to  the  line,  and  the  other  to  the  ground, 
so  that  any  static  chaise  by  reason  of  its  high  potential  will  pas&. 
mto  the  earth  through  the  plank,  but  the  resistance  of  the  Utter  i^ 
great  enough  to   prevent  any   serious  leakage   of    the    generato^^ 
current. 

The  "S.K.C.'*  Lightning  Arrester,  manufactured  by  the  Stanley- 
Electric  Manufacturing  Ca,  of  Pittsheld,  Mass.,  consists  of  tw^| 
nests  of   concentric    cylinders  with  diverging   ends  held  in  their 
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positions  by  porcelain  caps  as  shown  in  cross-section  in  Fig.  2l1 
The  innermost  cylinder  is  connected  to  the  line,  and  the  outer  one 
to  the  ground.    The  porcelain  caps  are  pro\'ided  with  grooves  so 
placed  that  all  spark-gaps  are  ^  inch  wide.     Between  the  grooves 
are  a  number  of  perforations  to  allow  the  free  circulation  of  ai^^ 
between  the  cylinders.    If,  after  a  lightning  discharge,  the  cunc^f 
from  the  generator  follows  the  lightning,  there   is  a  rush  of  air 
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^forced  by  the  metallic  rapor  through  the  perforations  and  spaces 
rtween  the  cylinders,  bloT^-ing  the  arc  upwards  between  the  flaring 
Olds,  where  it  is  instantly  ruptured. 

According  to  the  construction  of  this  arrester  there  are  three 
spark*gaps  each  ^  inch  wide  in  series  between  either  line-wire 
and  the  ground.  At  ordinary  commercial  frequencies,  five  thousand 
volts  or  over  are  rctjuired  to  jump  the  series  of  gaps  of  the  arrester, 
but  at  the  higher  frequencies  of  lightning  discharges  ihe  sparking 
potential  is  reduced  to  less  than  one-half  of  this. 

L  Barbed  Wire  Lightning- Arrester. — ^This  consists  simply  of  a 
barbed  wire  laid  immediately  over  the  line  throughout  its  entire 
length,  or  wheru  it  Is  particularly  exposed.  This  wire  is  connected 
to  the  ground  at  various  points,  and  protects  the  line  by  taking 
up  and  carrying  to  earth  discharges  which  the  line  would  othcnvise 
receive.  This  is  essentially  different  from  other  methods  of  protection 
from  lightning  in  which  the  static  charge  gets  upon  the  line,  but  is 
made  to  escape  from  it  before  reaching  the  apparatus.  This  plan 
is  used  in  the  case  of  the  Lauffen-Heilbron  power  transmission  line, 
and  has  also  been  employed  in  this  country.  It  would  seem  to  bu 
one  of  the  most  eSective  means  of  protection;  but  it  has  the  dis- 
advantages of  requiring  an  extra  wire  to  be  laid,  with  the  neccssaiy 
supports,  etc.  Mr.  Wurtz  *  cites  a  case  at  Staten  Isbnd,  N.  Y.» 
where  tliis  plan  was  successful,  but  states  that  at  Telluride,  Col, 
was  a  "total  failure."  But  the  troubles  from  atmospheric  elec- 
tricity are  so  very  great  in  Colorado,  that  this  case  may  be 
considered  as  exceptional;  and  tt  is  probably  a  fact  that  a  guard 
wure  over  the  Une,  the  former  being  grounded  at  frequent  intervals, 
will  protect  the  latter  under  the  conditions  which  exist  in  most 
places. 

Choke  Coils  for  A.  C,  Circuits. — A  lightning  discharge  being  of  an 
oscillatory  character  is  very  much  affected  by  inductance  and  passes 
with  difficulty  through  a  coil  of  a  few  turns  of  wire.  The  frequency 
of  the  oscillations  of  a  lightning  discharge  is  far  higher  than  that  of 
commercial  ahemating  currents,  hence  a  coil  can  be  readily  con- 

batnictcd  which  will  offer  great  reactance  to  the  passage  of  a  h'ght- 
ning  discharge,  and  at  the  same  time  allow  the  generator  currents 
to  pass  freely.     These  coils  are  placed  in  series  with  the  maiii 


•  Ttam.  Awur.  Jim*.  Eitc.  Eng.,  toI.  ».,  p.  388 
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circuit    between    the     generators    and    the    ordinary    lightning- < 
arresters. 

Line  Dischargers  or  Static  Drains. — The  majority  of  arresters 
require  a  comparatively  sudden  rise  of  potential  in  order  lo  act 
properly,  while  in  many  instances  the  actumulation  of  a  static  charge 
is  gradual-  To  avoid  this  latter  occurrence  and  remove  even  slight 
charges  from  the  lines,  an  instrument  similar  to  that  illustrated  in 
Fig.  212,  called  a  "Line  Discharger,"  is  employed.    This  dcWcc  cm- 


TO  OEMUMTOn 


UKE  nKHAMlEN* 


s — a-ps — aiwem — si 


LiaHTHINQ  PWOTECTIOM 
8000  VOLT  TRANSMISSION  UKC 


■MUM 


sists  of  a  minute  air-gap  in  series  with  a  set  of  tubes  of  insulatingl 
material  filled  with  a  powdered  metallic  oxide,  thus  offering  a 
practically  infinite  resistance  to  the  ordinan'  currents,  yet  allowing 
static  charges  to  pass  readily  to  earth.  Such  a  line  discharger  is 
connected,  as  shown  in  Fig.  212,  the  number  of  tubes  required 
depending  upon  the  voltage  used.  i 

Location  of  Arresters. — Ordinarily  lightning-arresters  are  placed! 
on  each  overhead  line  or  feeder  after  it  enters  the  station,  but  before 
it  reaches  the  swntchboard  or  any  apparatus.     In  the  case  of  grounded 
circuits,  one  arrester  is  suITicicnt  for  each,  as  inilicatcd  in  Fig.  203i| 
but  in  the  case  of  a  metallic  circuit  both  lines,  and  for  three-  or  foui 
wire  systems,  each  wire  should  be  provided  with  arresters,  as  shown 
in  Fig.  204.     Long  lines  are  not  sufficiently  protected,  however,  by 
the  station -arrest  c  Hi,  and  it  is  wise  to  place  them  on  the  line  at  not 
very  great  intcr\'als,  and  particularly  at  points  which  are  much  exposed, 
or  where  there  are  sharp  turns  in  the  circuit.    They  should 
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arranged  to  protect  transformers  or  other  apparatus  wherever 
ihcy  may  exist  on  the  circuit.  Mr.  .Wurts,  in  his  ]>aper  and  discus- 
ion  on  "Discriminating  Lightning-Arresters,"*  strongly  insists 
ipon  the  importance  of  placing  arresters  at  numerous  points, 
iind  argues  that  in  this  way  the  failure  of  one  arrester  may  be 
Tt^tricved  by  the  others.  He  even  uses  groups  or  "banks"  of 
1  ightning-arrcstcrs,  placed  one  after  another  on  the  circuit ;  and 
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So  recommends  the  use  of  different  kinds  of  arrester  in  some 
^^ses,  for  the  reason  that  one  type  may  be  heller  suited  to  a  dis- 
^^Hargc  of  a  certain  character.  He  further  points  out  that  disrup- 
Ve  discharges  form  nodal  or  neutral  points  along  the  line,  at 
'Viich  there  is  little  or  no  tendency  to  discharge.  Hence  a 
^'ngle  arrester  may  utterly  fail  to  act.  Whellier  these  views  be 
^^cepted  wholly  or  not,  it  is  certainly  a  wise  precaution  to  have 

•  Tram.  Amtr.  Intt.  E/te.  Eng.,  May,  18M. 
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more  than  one  arrester  to  depend  upon,  since  they  are  not  v< 
costly,  and  at  least  are  not  likely  to  do  any  harm. 

The  so-called  line  lightning-arresters  for  outdoor  use  are  m: 
very  compact,  and  inclosed  in  a  waterproof  box,  as  represented  in 
Fig.  213.  If  possible,  arresters  should  always  be  placed  directly 
on  the  main  circuit,  or  have  the  circuit  itself  brought  to  them, 
instead  of  merely  connecting  them  by  a  branch  wire. 

Ground  Connections.  —  It  is  of  the  utmost  importance  tl 
lightning-arresters  should  have  very  good  ground  connections,  and 
the  conductor  from  the  arrester  to  the  earth  should  be  as  short 
and  straight  as  possible.  In  the  case  of  a  central  station,  a  hole 
five  or  six  feet  square  should  be  dug,  as  nearly  as  possible  under 
the  arresters,  and  deep  enough  to  reach  permanently  damp  earth. 
The  bottom  of  this  hole  is  covered  with  one  or  two  feet  of  crushed 
coke  or  charcoal  (about  pea-size),  over  which  is  laid  a  copper  plate 
of  20  or  25  square  feet  area,  and  not  less  than  ,V  '"^h  thick. 
In  default  of  a  copper  plate,  an  iron  plate  or  pipe  of  the  same 
surface,  and  not  less  than  i  inch  thick,  may  be  substituted.  TI 
ground  wire,  not  smaller  than  No.  4  (A.  W.  G.),  should  be 
curcly  soldered  acro.ss  the  entire  surface  of  the  plate.  This  pi 
should  then  be  covered  with  one  or  two  feet  of  crushed  coke 
charcoal,  the  remainder  of  the  hole  being  filled  in  with  earth.  It 
is  recommended  that  an  additional  ground  connection  be  made 
to  the  water-main  if  accessible,  thus  providing  two  paths  for  tMH 
escape  of  the  discharge.  ^B 

The  above  arrangement  is  hardly  necessary  or  practicable  in 
the  case  of  line  or  other  subsidiary  arresters,  and  the  following 
ground  connection  will  answer  the  purpose.  A  hole  is  dug  two 
feet  in  diameter,  and  deep  enough  to  reach  permanently  dam]^ 
earth.  A  gaspipe  eight  or  ten  feet  long  with  open  ends  is  th^| 
driven  down,  and  a  solid  brass  plug  is  screwed  in  the  upper  end,  to 
which  the  ground  wire  of  the  arrester  is  soldered ;  the  hole  is 
then  filled  in  with  coke  or  charcoal,  so  that  the  surface  drainaf 
will  increase  the  natural  dampness  of  the  earth. 

The  subject  of  protection  against  lightning  must  be  admitt< 
to  be  somewhat  uncertain  at  the  present  time.     While  the  genei^^ 
laws  and  phenomena  are  the  same  as  those  with  which  we  i^| 
familiar  in  connection  with  artificial  electricity,  the  enormous  mag- 
nitude and  intensity  of  atmospheric  electrical  actions   introduce 
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effects  which  are  not  yet  fully  understood.  Probably  the  greatest 
cause  of  confusion  and  disagreement  has  been  the  fact  that  there 
are  so  many  different  kinds  of  atmospheric  electrical  discharges. 
Indeed,  it  almost  seems  as  if  no  two  discharges  act  the  same. 
This  is  due  to  difference  of  conditions,  which  a  little  more  knowl- 
edge  would  doubtless  correlate  and  explain.  As  an  example  of  a 
phenomenon  entirely  unlike  the  ordinary  idea  of  lightning,  we  may 
cite  the  statement  of  Mr.  Wurts :  *  "  I  have  known  circuits  to 
become  charged  during  perfectly  clear  weather,  so  that  the  dis- 
charges across  a  single  lightning-arrester  occurred  at  the  rate  of 
100  to  140  a  minute.  It  seems  to  me  that  the  charging  of  the 
wire  in  this  case  must  of  necessity  be  due  to  conduction  from  the 
atmosphere." 

*  Trans.  Amtr.  Inst.  EUc.  Eng.y  vol.  xi.,  p.  392. 
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Cooke II 
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Field 337 
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See  Field. 

Losses. 33S 
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Corliss  Engine 156 
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Croll iss 
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Faure,  C . .  380 

Paure  Type  of  Storage  Batter. ,  .         ...  383' 
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Boiler. , 109, 1 33 

Orcuit  Safety. 437 
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GiJt.5. 141 
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Blast-Pumace an 

Coal 307 

NaturaL 107 

Producer. 308 

Water. 307 
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Compression  of  CharBe ao6 

Economy  of 316 

Efficiency  of. 80 

Methods  of  Igniting  Charge 107 
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Steam-Turbine 1 89 

Storage  Battery* 431 

Water-WheeU 233 

Keluctance,  Magnetic 358 

Ring  Armature  Windings 178 

Itoofs 63 

Rotary  Converters jg,  194 

Ruhmkorff 15 

Ryan,  Prof.  H.  J 336 

8 

"Safety^— 

Boiler-Plug 109, 1 13 

P"»e 437 

Peraonal 368 


PAGE 

Safety-Valve i  aa 

Salomons,  Sir  D 419 

Savery.  T 86 

Sawyer  and  Man 15 

Saxton \o 

Schellcn.  H 378 

Schuckert 16 

Separator,  Steam i  »o 

Scrrin 12 

Shaft- 
Couplings  for J51 

Dynamo 374 

Governors 1 34 

Kinds  of 151 

Power  Transmitted  by 351 

Shuttle  or  I  Armature 12 

Siemens.  W 11 

Siemens  and  Halske  Dynamo 343 

Single-Phase  Alternator 348 

Single-Phase  Armature  Windings ago 

Sinstcden 1 1 

Skinner,  C.  E 66 

Sparking  at  Commutator 333,  371 

Causes  and  Remedies 372 

Methods  of  Design  to  Overcome 3.14 

Principles  of %i}, 

Speeds,  Alliiwablc  Peripheral 271 

Stairs.  Location  in  Station 67 

Staitc 1 J 

Stanley j  j 

Indmtor-Altemator  (S.  K.  C.) 351 

Light ning-Arrester  (S.  K.  C.) 466 

Star  and  King 12 

Station  Conductors 4,)o 

Stations.  Central a8,  34,  36 

Arrangement  of 4>,  46 

Buildings  for 5  a 

Divisions  for 65 

Interior  Finish  of 67 

Location  of 41  ■  46 

Room  for  Extension  of 43 

Size  of  Units  in 195 

Walls 61 

Steam-Boiler.  see  Boiler. 
Steam — 

Saturated 90 

Superheated 90 

Wet 90 

Steam-Engines — 

Classifi cation  of 126 

Construction  of 1  j6 

Comparison  of  Simple  and  Compound  197 

Economy  of 199 

Foundations  for. aoi 

High  Speed 161 

History  of 86 

Indicator  Diagrams  of 130 

Installation  of 194 

Low-Speed 156 

Lubrication  of. 202 

Medium-Speed 177 

Multiple-Expansion 8S 


480 


INDEX 


Stcam-Bngines  {.amiin^ttd^-                   •  agb 

Principlea  of 88 

Principles  of  Compound 153 

Principles  of  Condensing. 147 

Selection  and  Management ig4 

Standardisation  of  Sises 177 

Typical  Forms  of — 

American  Ball 116 

Armington  and  Sims 161 

Ball 163 

Ball  and  Wood 167 

Cose 176 

Corliss 15A 

Harrisburg 1 60,  1 7 1 

Ideal 1 60 

Mcintosh  and  Seymour. 169 

Reynolds-Corliss 1 56 

Weatinghouse 170 

Willans 1 74 

Parts  of— 

Connecting-Rods 138 

Cross-heads  and  Slides 1 39 

Cylinders 1*7 

Fly-Whecls 140 

Governors i3» 

Pistons t  »8 

Stuffing-Boxes I  a8 

Valves 139 

Valve-Gearing i  ag 

Steam-Piping ii 8 

Covering  for i  ao 

Expansion- Joints  in 1 1 0 

Gaskets. 1  t  8 

Supports  for 1 1 « 

Steam -Separators no 

Steam-Traps 1 1 S 

Steaiii-Turbincs 181 

Ciimiiaftness  uf. i  Ss 

Compariiion  with   RedpnicalinR  En- 

Rinfs i8j,  iqj 

Di flic ul tit's  with iwj 

Kdinomy  lA 184 

Foiindatiijns 184 

Mcjlinr. 184 

Types  uf — 

Curtis i>'i> 

Dc  Laval 1S5 

ParsrjTis 18K 

Rateau lOJ 

Steinmfli,  C.  P .i.iS 

Stillwell,  L.  B 440 

Stint.  I'rof.  W.  W 4,18 

Stokers.  Hand  and  Mechanical it><' 

Storace  Batteries *,  17,  ,170 

.^cid,  Spray  frtmi 404 

Biblii'KTaphy  of a^'^ 

Buckling  (if  Plates 40,1 

Cadinium  Test 307 

CharKinR  of j.i'. 

Chemical  Action  of  L.eail 3S1 

Conned i'lns  of 4>y 

Dtprecialion  of 4!3i 

Disintegration  of  Plates 40  j 


Storage  Batteries  (con/tniwd) —  pacb 

Efiiciency  of, 400 

Electrolyte 39s ,  405 

Faure  Types. 38.1 

Floating 4^3 

Formation  of  Plates  for jSj,  384 

Indications  of  Charge 395 

Plants  Types jSi 

Principles,  Construction,  and  Manage- 
ment.     37i> 

Putting  out  of  Commission 407 

Regulation  of 411 

Room , 39J 

Setting  up  of jgj 

Short -Circuiting  of 404 

Sulphating  of  Plates  of 40  a 

Switchboard  for 4** 

Troubles  and  Remedies 40a 

Variation  of  Capacity  with  Different 

ENscharge  Rates ^oo 

Applications  of 408 

As  Transformers 41a 

For  Train  Illumination 41 B 

To  Carry  the  Peak  of  the  Load.  ..411 
To  Enable  Shutting  Down  of  Ma- 
chinery     410 

To  Maintain  a  Uniform   Load  on 

Engines 411 

To  Perform  a  Number  of  Functions  416 
To  Pre^-ent  Fluctuations  of  Voltage  409 

To  SubdiWde  the  Voltage 413 

To  Supply  Portable  Apparatus.. ,  ,    40.S 

Sul>-station  Scr\'ice 414 

Typical  Tyiurs — 

Lead  Forms -,S  r 

Chloride 184 

Cmmptoii  and  Howell iS  ) 

E.  P.  S ,.^, 

Faurr. •.-^i 

Gould .5*1 

Lithanudc iS; 

Plant.- ;m 

Tiidiir ..'^n 

Non-Lead  Tyin'S ,!.^7 

ICdis.m ;.vS 

Wadd.-n  and  Entz ,    .jSS 

Boost ers .    4. '4 

Conii)'iund.  .  .    .  .    4;'! 

Const  ant -('urrent 427 

Differential 4:7 

Series 4^5 

Shunt 4r; 

Stntt,  H.  G ,;o 

Sturueuii \% 

Swan 15 

Swinburne.  J t  jS 

Switches — 

Ciinslruclii  >n 434 

HiKh-Tcnsion 44J 

Knife 4,4 

Purjiiise. 4  i4 

Switchboards — 

Ojiinci.  til  JUS  to 4,f? 


INDEX. 


481 


S»-itL-hboards  (ctm/tHwd) —  paob 

Construction 43» 

»cation  of 441 

Material  for  Paneb  of. 4J> 

Purpose 43» 

Storage  Battery 4»o 

Typical  Arc-Circuit 44s 

T>'p'cal  High-Tenaion 444 

Ti-pical  Low-Teniion 443 

System i-a8 

Brush 14 

Edison 14 

Jftblochkoff 13 

Sclectiun  of  a  Lighting 34 

Three-Wire 16,  363 

SyTiclininism,  Determination  of 36J 

T 

Tank  Light  ninR- Arrester, 46:5 

Template 60 

Tenaiun^ 

High 3.1 

Low J  J 

Tesla,  N 9 

Testing  of  Boilers. :  14 
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